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A Method for Indirect Pulse Recording, and Its Use in the Diagnosis of 


Aortic Stenosis 
Harold L. Karpman, M.D.,* Los Angeles, Calif. 


Although the clinical diagnosis of aortic stenosis usually is possible after careful 
evaluation of the patient’s history, physical findings, chest x-ray, and electro- 
cardiogram, a satisfactory objective measure of the presence and degree of aortic 
valvular stenosis would be of value. In this paper | shall review measures now in 
use and introduce a method for indirect recording of the pulse by means of an 
electronic pneumoplethysmograph which appears to offer a number of advantages. 


OTHER METHODS REVIEWED 


Miller and White! reviewed both the mechanical and optical* systems of pulse recording and 
proposed the recording of the pulse wave by an electrical system, which utilized a crystal micro- 
phone as a pickup. By 1947, according to Grishman, Steinberg, and Sussman,’ configuration of 
pulse tracings over the innominate and carotid arteries had won recognition as the most important 
single diagnostic sign of aortic stenosis. 

The necessary peripheral artery pressure curves were obtained in a number of ways: Brofman 
and Feil* used optical registration along with the Frank segment capsule. Reinhold and as- 
sociates® recorded arterial tracings by placing a metal stylus on the suprasternal notch overlying 
the carotid artery (the impulses were transmitted directly to a crystal of Rochelle salt and the 
voltage amplified and fed into a mirror galvanometer). Donoso, Sapin, Kuhn and Grishman® 
placed a crystal microphone over the carotid arteries. Goldberg, Bakst, and Bailey’ employed 
direct brachial artery puncture. Hancock and Abelmann,*‘ who also used brachial artery puncture 
in their 250 patients, came to the conclusion that “brachial artery pulse contour may serve to 
confirm a clinical diagnosis of aortic stenosis but is not diagnostic of aortic stenosis, and in any 
individual patient yields no information as to the severity of the lesion.” 
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METHOD 


A new, versatile, and highly sensitive electronic pneumoplethysmograph® was used in this 
study. This instrument records accurately the pulse volume of a limb segment by recording vol- 
ume changes of the part (in cubic centimeters). The pulse wave may be amplified by increasing 
the sensitivity of the instrument, and the tracing may be standardized easily. The unit is light- 
weight, portable, and easy to use. 

The plethysmograph was attached to a modified blood pressure cuff applied just above the 
elbow on the right arm; the brachial artery puncture was usually performed on the left side. 
The brachial artery pulse curve was recorded (via a strain gauge) simultaneously with the plethys- 
mographic pulse curve on a Sanborn Twin-Beam Electrocardiograph. In instances in which the 
records were not taken simultaneously, they were recorded either on the Sanborn Twin-Beam 
Electrocardiograph or on the Sanborn Viso-Cardiette. 

Plethysmograms were taken with the cuff inflated to systolic blood pressure level, and addi- 
tional records were taken as the pressure in the cuff was lowered in 10-mm. decrements. Usually, 
the largest and most accurate pulse waves were recorded at or about diastolic blood pressure level; 
it was from these curves that all measurements were made. 

On each tracing, measurements were made of the duration of systolic ejection, i.e., the time 
interval from the onset of the wave to its peak or apex. This time interval has been variously 
called the ‘‘onset-to-peak time,” the “crest time,’’ or simply ‘‘the duration of the upstroke.” 


TABLE I. CORRELATION OF PLETHYSMOGRAM AND BRACHIAL ARTERY CURVE IN 25 PATIENTS 


CREST TIME (SEC.) 


PATIENT CORRE- 
BRACHIAL PLETHYS- LATION 
ARTERY MOGRAM 


DIAGNOSIS 


0.26 | 0.28 | Excellent | N A.S. and A.I. clinically 
.08-0.12 | Good ’ Normal heart 
.20-0.22 | Excellent | N A.S. proved at surgery 
.12 Excellent N | Interatrial septal defect 
21 Poor* “es A.S., A.I., M.S., M.I. clinically 
.27 | Excellent | ‘es | A.S. proved at surgery 
| .20 | Excellent s | AS. clinically 
.26 | Excellent s | A.S. proved at surgery 
.16 Excellent s | No valvular disease 
— | .24-0.26 A.S. proved at surgery 
0.12-0.16 | 0.16 | Good ; |M.S., (?) AS. clinically 
0.20 | Excellent | | M.S., A.S. proved at surgery 
0.24 — | M.S., A.S. proved at surgery 
0.24 | Excellent | N A.S. proved at surgery 
.14-0.15 | Excellent | ‘es | MI. clinically 
.22-0.24 | Poor* > Loud systolic murmur 3rd left 
intercostal space; normal car- 
diac catheterization 
0.22-0.24 | Excellent | ‘es_ | clinically 
0.14-0. 16 | Poor curve | AS., ALI. clinically 
| 0.11-0.16; 0.11-0.16 | Excellent | ‘es M.S. (mild) clinically 
0.12-0.24* | 0.24 Poor* we | A.S. proved at surgery 
0.16 | 0.16 Excellent | s | A.S.H.D. proved at surgery (no 
| valvular disease) 
0.24 | 0.24 | Excellent I AS. clinically 
0.20 0.20 Excellent | ‘ | M.S. clinically 
0.16 | 0.16 Excellent | | M.S., M.I., (?) A.S. clinically 


(0:12-0.20*| 0.20 | No | AS. clinically 


— 
~ 


\ 


*See text for explanation. 
M.S. = mitral stenosis; M.I. = mitral insufficiency; A.S. = aortic stenosis; A.I. = aorticinsufficiency. 
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Number 6 


These measurements are usually accurate in the range of 0.01 to 0.02 second, although the measure- 
ments may be less accurate if the apex of the wave is rounded or flattened. Correlation between 
plethysmographic and brachial artery pressure curves was considered “excellent” if the difference 
in timing was 0.02 second or less, “‘good’’ if the difference was between 0.02 and 0.04 second, and 
‘“‘noor’’ if the difference was over 0.04 second. 

Segmental plethysmograms were obtained on 25 patients: 15 of the plethysmograms were 
recorded simultaneously with the brachial artery pressure curves; 8 were recorded separately; 
and 2 were recorded in patients with the clinical diagnosis of aortic stenosis on whom a brachial 
artery puncture had not been performed. 


RESULTS 

The results are shown in Table I. The correlation between the plethys- 
mographic and the brachial artery pressure curves was “‘excellent’’ in 16 patients, 
“good”’ in 2 patients, and “poor” in 4 patients (possible explanations for the 
‘“poor’’ results will be discussed below). In 2 additional patients only the 
plethysmogram was taken. In 1 patient the plethysmogram was too poor to 
interpret. 


DISCUSSION 


Because of the recent improvement in surgical techniques, aortic com- 
missurotomy is now an accepted therapeutic procedure in selected patients with 
aortic stenosis. The brachial artery pulse curve is now in use in many cardiac 
clinics to confirm the presence, and estimate the degree, of aortic stenosis, aid in 


the selection of candidates for aortic commissurotomy, and evaluate results 
of that surgical procedure. However, a technique for obtaining an accurate in- 
direct peripheral pulse wave would be useful for the reasons that the brachial 
artery puncture (1) is moderately expensive and physically uncomfortable for 
the patient; (2) requires complex equipment and the services of at least one 
physician plus a nurse or technician; and (3) is time-consuming in its preparation 
and often in performance. In contrast to brachial artery puncture, plethys- 
mography may be performed rapidly, inexpensively, and without trauma, by 
relatively unskilled personnel. 

A close correlation was obtained between the plethysmograms and the 
brachial artery curves, except in four cases. These are sufficiently important 
to be discussed individually: In Patients 5 and 16 (see Fig. 1) a plateau is present 
on the catacrotic limb of the brachial artery curve, between the peak of the curve 
and the dicrotic notch. The peak of the plethysmographic curve is identical 
in timing with this plateau. Patient 5 had clinical signs and symptoms of multi- 
valvular disease, including involvement of the aortic valve; a loud systolic murmur 
was heard at the third left intercostal space in Patient 16, who proved upon cardiac 
catheterization to have a ‘‘hemodynamically normal’’ heart. The pulse waves in 
Patients 20 and 25 (see Figs. 2 and 3) illustrate that the plateau or notch in the 
catacrotic limb of the brachial artery curve may occasionally become the peak 
of the wave, while the peak of the plethysmogram consistently is concurrent 
in time with the plateau of the arterial curve. Subaortic stenosis with a marked 
pressure gradient between the left ventricle and the aorta was proved at surgery 
in Patient 20; in Patient 25 the clinical diagnosis was aortic stenosis. In summary, 
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the plethysmographic curves from these four patients would seem to indicate 
that all four had aortic stenosis by virtue of the prolonged crest time in each case, 
but the brachial artery curves revealed only intermittent prolongations of the 
crest times in two of them and normal crest times in the other two. Of these four 
patients, one had proven aortic stenosis, two had clinical diagnoses of aortic 
stenosis, and one had a loud systolic murmur with normal findings on cardiac 
catheterization. In these patients the plethysmogram was as reliable, if not more 
reliable, than the brachial artery pulse curve. 


Fig. 1.—B is the brachial artery pressure curve, and P is the plethysmogram. In Patients 5 and 16 
note the plateau or notch on the catacrotic limb of the brachial artery curve which is identical in timing 
with the peak of the plethysmogram (see text). In Patient 17 the brachial artery curve and the 
plethysmogram are identical regardless of the contour of the curve. 


The plethysmogram seems to be as dependable as the brachial artery curve 
in all patients; possibly, it may be more accurate in the occasional patient. 
One possible explanation is that the plethysmogram measures the volume change 
in a fairly large segment of the extremity, whereas the brachial artery pulse 
curve is obtained through a relatively small intra-arterial needle which, be- 
cause of its size, is more prone to magnify any artefact. It is important, of 
course, that the needle orifice must be neither persistently nor intermittently 
occluded by the vessel wall. Another possible explanation is that, in contrast 
to the method of obtaining a plethysmogram, which is always a benign procedure, 
the trauma involved in a brachial artery puncture may produce in some patients 
reflex neurovascular changes or a varying cardiac stroke volume which may be 
reflected in an inaccurate brachial artery curve. 
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Fig. 2.—Patient 20. The upper two tracings are brachial artery pressure curves (the timing is 
0.1 second between the heavy vertical lines), and the lower tracing is a plethysmogram (0.2 second be- 
tween the heavy vertical lines). Note the variability of the brachial artery curves which show a crest 
time varying between 0.12 and 0.23 second. The crest time of the plethysmogram is consistently 0.24 
second. This patient was proven to have subaortic stenosis at surgery (see text). 


Hi i 
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Fig. 3.—Patient 25. The upper two tracings are a continuous brachial artery pressure curve. 
These curves illustrate the intermittent prolongation of the crest time when the second peak (or the 
notch on the catacrotic limb) becomes the crest of the wave. The lower tracing is the plethysmogram 
on the same patient. The heavy vertical lines in the upper tracings represent 0.1 second, and the heavy 
lines in the lower tracing represent 0.2 second (see text). 
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Fig. 4.—B is the brachial artery pressure curve, and P is the plethysmogram. Patients 6, 8, and 
12 had proven aortic stenosis; Patient 7 had the clinical diagnosis of aortic stenosis; and Patient 23 


had the clinical diagnosis of pure mitral stenosis. 


-B 


Fig. 5.—Simultaneous curves on patients with a variety of cardiac diagnoses. B is the brachial artery 
pressure curve, and P is the plethysmogram. 
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This preliminary report suggests that the plethysmograph provides a good 
method for producing an accurate arterial pulse record which is similar to the 
brachial artery pulse curve, but further comparison is needed before any definite 
conclusions are drawn. 


SUMMARY 


A method for obtaining an indirect peripheral pulse curve is described. 
This method depends on the use of a recently described segmental pneumo- 
plethysmograph. Preliminary results in comparing the plethysmographic curve 
to the brachial artery pulse curve in patients with and without aortic stenosis 
are reported. Apparently, in some situations the plethysmogram may be more 
dependable than the brachial artery curve. 


The author wishes to express his gratitude for their help to Dr. George C. Griffith, Dr. Willard 
J. Zinn, Dr. J. Louis Freibrun, Dr. Oscar Magidson, and Dr. R. Brotchner. 
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Difficulties in the Measurement of Pulse-Wave Velocity 
W. Klip, M.D., Ph.D., Utrecht, Netherlands 


I. INTRODUCTION 


The purpose of this paper is to discuss the difficulties encountered in the 
measurement of pulse-wave velocity. The methods themselves will not be 
discussed in detail, because they are not pertinent to this paper. 

Since the pulse-wave velocity is greater in rigid tubes, a determination of 
this velocity could be used to give a quantitative estimate as to arterial wall 
rigidity, either secondary to arteriosclerosis or to age changes. 


II. DIFFICULTIES WITH INSTRUMENT REGISTRATION 


The accurate measurement of pulse-wave velocity is not a simple matter, 
as can be demonstrated with the help of an old-fashioned instrument, the Marey 
tambour. To illustrate, take two tambours and place them so that their pointers 
rest parallel on a kymograph revolving at a speed of 2.5 cm. per second, in the 
manner illustrated below. Imagine that the sensing diaphragms are placed on 
the radial and brachial arteries, respectively, and that the distance between the 
diaphragms, s, is known. Then the pulse-wave velocity can be computed using 
the formula 

v= s/t 


where s= distance and t = time in seconds (Figs. 1 and 2). However, the actual 
measurement is not so simple, because, for one thing, the tambour is an instru- 
ment of great inherent inertia, and thus cannot follow the more rapid pressure 
variations. Modern registration methods are also plagued with similar diffi- 
culties, which, however, find their origin in the tissues. For further insight, let 
us take a closer look at the tambour. 


1. Amplitude Characteristics —Suppose we strike the tambour. The pointer will vibrate 
with a resonant frequency (v,;) that is independent of the applied force, and depends only on the 
mechanical properties of the tambour, i.e., the length of the pointer arm, et al. Now let us apply 
artificially a periodic pressure variation of constant amplitude to the tambour, so that it moves in 
simple harmonic motion, with a given frequency which is small at first, but which is gradually 


From the Department of Medical Physics, Physical Laboratory of the University of Utrecht, 
Netherlands (Prof. Dr. H. C. Burger, Head of the Department), and from the Netherlands Organization 
for Applied Scientific Research (T.N.O.). 
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increased. We must choose the measured pressure variations small so that the needle excursions 
are linear with respect to the pressure. Thus, we see the recording of Fig. 3 on the drum as the 
frequency is increased. 


Fig. 1.—Two tambours. 


iN 


t. sec. 


Fig. 2.—Two ideal pulse curves. 
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At first the needle gives a true recording of the pressure, but as the resonant frequency of the 
recording system is reached, the excursions become greater in spite of the fact that the pressure 
variation has remained constant throughout the recording time. Referring again to Fig. 3, we 
see that if the frequency is further increased, the inertia drag of the tambour becomes excessive 


and the needle movement ineffective. Therefore, it is apparent that the pressure is correctly re- 


corded only for frequencies appreciably lower than the resonant frequency of the recording system. 
The height of the maximum in Fig. 3 depends on the damping. 
Let us re-examine the pressure curve. A phenomenon which repeats itself with a period T,= oe 


(e.g., T, = +1 sec.) (Fig. 4,a) can be considered as the sum of an infinite number of harmonic 


Excursions 


Fig. 3.—Frequency increases with time. At ¢;, a frequency v; is passed. 


b, Fourier analysis (grand frequency and first harmonic). 


Fig. 4.—a, Pulse curve. 
c, Distorted pulse contour. 
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vibrations with frequencies of v2, 2v2, 3v2 ad infinitum, each with different amplitude and phase 
(Fourier analysis, Fig. 4,0). In the normal pulse wave, the harmonics which have a frequency 
greater than 30 cycles per second also have a very low amplitude and are of no practical impor- 
tance. The tambour magnifies harmonics with a frequency of 3 cycles per second too much if 
its resonant frequency », = 3, thereby giving a distorted pressure curve; for example, it gives Fig. 
4,c instead of Fig. 4,a. 

Such a distortion can result in a tremendous error in the determination of pulse-wave velocity 
by simply shifting the foot-point in the distorted curve. It is only by choosing two exactly identical 
registering systems that this difficulty can be eliminated. 

2. Phase Characteristics.—It is also true that the tambour will give each harmonic a different 
shift in the horizontal direction, thereby giving rise to further distortion in the recorded pulse 
(see Fig. 4). 


Excursion 


pressure 


Fig. 5.—The phenomenon of alinearity. 


3. Nonlinearity.—If amplitude characteristics are to be studied, it is necessary that small 
pressure variations be chosen, for it is only in the low-pressure range (Fig. 5) that the excursion is 
proportional to the pressure. Large pressure accretions would be recorded with gross error. 


Ill. EXTRANEOUS TISSUE INTERFERENCE 


Difficulties inherent within the recording instrument can be reduced by 
using more modern instruments which have resonant frequencies greater than 
30 cycles per second and adjusted damping. The utilization of such instruments 
will allow equal magnification of all amplitudes of the different harmonics of 
the pulse wave, thereby giving a negligible phase shift and also fulfilling the 


requirements of linearity. 

Even with the instrumentation corrected, more difficulties arise. Between 
the blood, the propagating medium, and the sensing device there are extraneous 
tissues, namely, the vessel wall and subcutaneous and cutaneous tissues. These 
tissues function just as a tambour, with all its inherent bad qualities, as discussed 
above (amplitude distortion, phase shift, and nonlinearity). So, no matter how 
good our instrument is, the pressure wave will still be registered in a distorted 


form. 
The above-mentioned problem would make little practical difference if the 


deformation were constant at all registration sites, but tissue characteristics above 
the lumen of the radial artery differ from, say, tissue characteristics above the 


brachial artery, etc. 
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Furthermore, the pressure variations recorded at central sites are greater 
than those recorded peripherally. Thus, according to Fig. 5, the former may lie 
in the nonlinear part of the curve (vessel-wall distortion). 


IV. THE COURSE OF THE VESSEL 


We can largely abolish the deformation by measuring the pressure directly 
with a needle connected to the proper electronic recording device, but the dis- 
advantage of performing a surgical procedure is obvious. Another method which 
might be tried involves the use of a small, blunt piston with a stiff spring which 
may be pressed into the skin and vessel wall, thereby obtaining a displacement 
of the vessel wall proportional to the pressure change. The vessel wall, subcu- 
taneous and cutaneous tissue, and the stamp, form in this case a system with a 
resonant frequency far above 30 cycles per second. Also, because of the large 
stiffness factor (‘‘restoring force’) of the springs, the excursions of the stamp 
are small, so that linearity exists. Even if this succeeds, the pressure curves 
measured centrally differ from those measured peripherally. This deformation 
cannot be eliminated, because this distortion occurs as the wave travels from 
central to peripheral segment (e.g., brachial to radial segment). It appears 
that eacli part of the vessel passed by the wave forms with the surrounding tis- 
sues a vibrating system (just like the tambour) with resonant frequencies less 
than 30 cycles per second. Further deformation results from wave reflection 


against arterial branches and against the “periphery.’’ Thus, if we assume that 
the maximum points of two curves measured along an arterial segment are 
“‘equal,”’ the velocity computed from the measured distance is not at all a good 
approximation to the “true velocity.’’ In all cases we find two different results 
when maxima and foot-points are used respectively. 


INFLUENCE OF FREQUENCY 

Even if we could assume that the vessel wall and surrounding tissues were 
constant, deformation would still result from the fact that different harmonics 
of the pulse wave are propagated with a different velocity. This gives a phase 
shift, and the end result is a deformed peripheral curve. 


VI. ALINEARITY OF DIFFERENTIAL EQUATIONS 


Suppose that we made the pressure at the first part of a straight, isotropic 
(homogeneous) tube vibrate in simple harmonic motion, so that there was only 
one frequency. Still, deformation would occur, but not deformation in the strict- 
est sense of the word. -The cause of the “deformation” here is due to the fact 
that, on theoretical grounds, the pulse wave does not exist! The wave would 
exist if certain terms in the differential equations of motion could be neglected, 
i.e., the products of displacements of particles in the fluid, the vessel walls and 
their derivatives with respect to the displacements themselves. If this neglect 
is allowed, the approximation may be too rough, but it is only in this way that a 
solution of the differential equation can be derived having the form of a phe- 
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nomenon which has a velocity of propagation, i.e., P = f(x — ct). For, from 


f(x, d) = fe, ~ = fle, 


we see that the pressure in a point x» at a time, t, will be the samer = : 


x, 


seconds later at some other point, x1, so that c = ~-———~ can be termed the 
T 


velocity of propagation of the pressure. Thus, there is pressure-wave propaga- 
tion if we are allowed to neglect the terms mentioned above. Without neglect- 
ing these terms, the solution of the differential equation has the general form 
P = f(x, t), ie., the two independent variables x and t cannot now be unified 
into one single, independent variable, Y, defined by Y = x — ct, and so a velocity 
of propagation need not exist, for it is unlikely that a number, c, can be found so 
that at every point x;, the relation 


t) = ffx, 


is fulfilled. If we plot f (x — ct) at two different times as a function of x, we get 
two identical curves. They are only displaced with respect to each other along 
the axis of x. However, if we plot f (x, t) at two different times, we get two curves 
that may differ totally. 

Hence, on theoretical grounds there is no true pulse-wave propagation, and 
we are forced, therefore, to define the pulse-wave velocity empirically. We must, 
for example, say that the two foot-points (Fig. 2) are by definition corresponding 
pcints, and that the velocity is equal to the distance, xz — x, divided by the time, 
te— t:. There is little wonder that when two other points are considered, totally 
different ‘‘velocity’’ values are obtained, even negative values in some cases. 


x,— 


VII. DIFFERENT MODES OF VIBRATION 


Suppose we consider another problem: In considering tubes in which the 
displacements are small and their products are therefore negligible, there is still 
deformation. To demonstrate: If a simple harmonic oscillation is transmitted 
through an isotropic tube, longitudinal, torsional, and flexural waves can all be 
produced, each with its own velocity or velocities. It is thus probable that two 
wave forms exist simultaneously, and because of their velocity difference these 
waves will shift in relation to each other as they course through the tube. The 
end result is a wave exhibiting an entirely different form, i.e., deformation. 


VIII. EXPERIMENTS 


Since we know that something like a pulse wave exists, in spite of the ab- 
sence of a theoretical basis, there must be, roughly speaking, a self-propagating 
phenomenon. So, the prerogative of neglecting certain terms in the differential 
equations is not totally absurd. Experimentally, the pulse-wave velocity has 
been measured by many investigators, but the results are not hopeful. The 
spreading of values in normal persons is so great that if in an arteriosclerotic 
person a large velocity is recorded, one may not conclude that wall rigidity was 
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the cause. Spreading may originate from any of three causes: (1) measuring 
apparatus, (2) deformation, as discussed above, and (3) condition of the person, 
such as meals (see Table II) and respiration. The velocity on one day may be 
+20 per cent greater on the next day in the same person. The measuring appa- 
ratus and the condition of the person can certainly be improved upon, but little 
if any improvement can be expected in regard to deformation. 

It is still possible to conceive that determinations of pulse-wave velocity 
may be performed at some time in the same individual so as to study the influence 
of therapeutic measures. It is also quite possible that the study of certain wave 
characteristics may have clinical importance. 

The uncertainty raised by the possibility of deformation of the pulse wave 
can be seen in the tables below. 

A. Deformation of the Curve-—We see from Table I that: (1) The velocity 
in the old man is significantly greater than that in the boy. (2) The velocity in 
the boy did not differ in the two arterial segments, but in the old man the veloc- 
ity in the brachium was twice that in the antebrachium. Calcification could be 
responsible but deformation is also a likely cause. 


TABLE I 


BRACHIUM ANTEBRACHIUM 


SUBJECT’S AGE 
VELOCITY AND STANDARD ERROR | VELOCITY AND STANDARD ERROR 


(cM./SEC.) (cM./SEC.) 

11 years 955+ 35 895 = 87 h 
80 years 2,470 += 200 1,330 + 62 f 
Quotient 2.6 1.3 


Fifty measurements were made in each subject. 


B. Condition of the Patient.— 


Meals: In Table II the influence of meals is recorded in an 11-year-old boy. 
From the table it is noted that after a meal there is a significant change in pulse- 
wave velocity in peripheral vessels. This is not true for the aorta. The reason 
for this is not known but one can theorize that immediately after a meal there 
is peripheral vasoconstriction with vasodilatation in the splanchnic area. From 


TABLE II 


ANTEBRACHIUM 


AORTA BRACHIUM 


WITHOUT WITH WITHOUT | WITH WITHOUT | WITH WITHOUT | WITH 
MEALS MEALS {| MEALS | MEALS MEALS | MEALS MEALS MEALS 
| 


436 + 13 423 + 8 | 806 = 10 | 1,028 = 18 | 955 = 23 | 1,460 = 46 | 890 + 87 | 1,111 + 42 
| 
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Young’s classic formula 


2p, 

where D = wall thickness, E = Young’s modulus, r = radius of the tube, p = 
density of the blood, one can see that an arterial constriction could affect the 
wave velocity (D and E supposed constant). 

Respiration: If inspiration is held for about half a minute, quite often 
there is an increase of 30 per cent or more in the pulse-wave velocity. The respira- 
tory influence is especially manifest in peripheral vessels. Because the effect 
of a meal and respiration is smaller in the aorta, that vessel is perhaps preferable 
for measurements of the pulse-wave velocity. 


Vel = 


SUMMARY 


The methods employed in the measuring of pulse-wave velocity are subject 
to gross error because of alinearity and frequency distortion resulting from low- 
resonance frequencies of instrumentation and arterial segment and extraneous 
tissue interference. Deformation also occurs because of different speeds of prop- 
agation of the various pulse harmonics. 

Some examples are presented showing the effect of meals on the pulse-wave 
velocity. Respiration also has a great influence. 


The author wishes to thank Carl J. Bentzel for the translation and advice. 
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Some Clinical Notes on Patients With Mitral Valvular Disease Who 
Have Had Mitral Valvuloplasty. Part | 


Egon Riss, M.D., and Samuel A. Levine, M.D., Boston, Mass. 


INTRODUCTION 


The purpose of this study is to analyze some of the clinical features in cases 
of rheumatic mitral valve disease which were present before and after cardiac 
surgery, in order to help in the selection of patients and to try to appraise the 
amount of benefit that may be expected from surgery at different stages in the 
progress of mitral valve disease. 

Although there are only 72 patients in this study, they all have been seen 
before and followed after surgery by one (S.A.L.) or both of the authors. The 
general appraisal of the problem concerned the degree of preoperative disability 
and postoperative improvement; these have been judged entirely on the basis 
of personal and clinical observations. This may have an advantage, as it is 
sometimes thought that a surgeon has a natural bias in estimating the benefits 
from his surgery. All these patients have been operated on at the Peter Bent 
Brigham Hospital; Dr. Dwight E. Harken performed the operations on all but 
five of the patients, these latter being operated upon by Dr. Harrison Black. 
No discussion will be made concerning catheterization findings or involved ob- 
servations of circulatory dynamics. In fact, only a few such observations were 
made in this group of cases. Inasmuch as physicians are dependent, for the most 
part, on simple clinical methods to guide them, this general point of view was 
maintained throughout this study. In the great majority of instances the diag- 
nosis of the valvular lesion and the advisability of surgery will have to be, and 
can be, made using the comparatively simple methods that are available in most 
hospitals. Cardiac surgery has grown so much in its extent that, when the 
enormous number of valvular cases is added to the smaller but important group 
of congenital cases amenable to surgery, it cannot be limited to a small number 
of surgical centers. There is a great need for competent and properly trained 
cardiac surgeons to carry on this work in more and more of the hospitals of this 
country and all over the world. 


From the Medical Clinic, Peter Bent Brigham Hospital, and the Department of Medicine, Harvard 


Medical School, Boston, Mass. 
This study was aided in part by a grant from the Jacob Ziskind Trust for Charitable Purposes. 
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The heart has been the last organ of the body to be treated surgically. 
There have been obvious reasons for this. Apart from the inherent difficulties 
of manipulating an organ that is in constant motion, there has been evident fear 
of cardiac arrests or irreversible and disastrous damage to such a vital organ. 
At first, simple traumatic injuries to the heart muscle were repaired in isolated 
and dramatic instances. Then, diseases of the pericardium were treated surgi- 
cally under certain circumstances. The interior of the heart, however, remained 
unapproachable. 

In 1923, the first case was reported in which mitral stenosis was directly 
attacked through the ventricle in the hope of enlarging the valve.! Although 
this patient seemed to improve for several years, subsequent similar cases operated 
on failed te survive the operation, and therefore this procedure was abandoned. 
Although in 1925, Souttar? reported another isolated case operated on through 
the auricular route, it was not until 25 years later through the simultaneous efforts 
of Harken,’ in Boston, and Bailey,’ in Philadelphia, that rheumatic valvular 
disease became a problem of general surgical interest. In retrospect, one may | 
explain the long delay between the first case in 1923 and the more recent era 
beginning in 1948 by four factors. In the early period, antibiotics were not 
available; the threat of infection, therefore, was ever present. Second, there 
were no blood banks, and so the means to combat an overwhelming hemorrhage 
were not at hand. Third, the science of anesthesia, including the various ways 
of treating sudden operative cardiac arrhythmias or arrests, had not been de- 
veloped to its present high level. Finally, the approach through the auricle 
greatly simplified the procedure. It is fair to say that the time was not quite 
ripe in 1923 to attack such a difficult problem with a sufficiently low operative 
mortality. 

Apart from all this, in former years there was a strong impression, held until 
very recently, that the valvular defect of rheumatic heart disease was unimportant 
or immaterial. It is little appreciated by the present generation of physicians 
that, even after the turn of this century, some leading cardiologists believed that 
the fate of the patient with rheumatic valvular disease did not depend cn the 
degree of constriction or incompetency of the valve, but mainly on the state of 
the heart muscle. In fact, when a reprint of the first case of mitral stenosis to 
be operated on was sent to Sir James Mackenzie by one of us (S.A.L.), his reply 
indicated this general point of view. The following quotation from this letter 
might be of historical interest. “The suggestion for slitting up the stenosed 
mitral orifice was put forward by Lauder Brunton some twenty-five.years ago, 
and I gave it some consideration then. My reasons for not pursuing the sub- 
ject were, in the main two-fold. First the tissue is of the nature of scar tissue, 
and when scar tissue is cut it speedily re-unites and the condition for which it 
was done is only temporarily relieved. Second, the heart failure that arises from 
mitral stenosis is not entirely due to the valve lesion, and in many cases due to 
the damaged muscle.”* To some extent this was a continuation of some heated 
discussions one of us had with him and Sir Thomas Lewis some years before, 


*A letter written by Sir James Mackenzie, Oct. 15, 1923. 
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in 1917. The unimportance of the valvular component in rheumatic heart 
disease was a view held in England, and to a lesser extent in the United States, 
for a good many years. It is also reflected in the following quotation from a 
publication of Lewis’*: “There is no evidence to show that any valve defect 
imposes a burden on the healthy heart which even in the absence of intervening 
hypertrophy will result in the heart’s failure.” The diametrically opposite view 
was expressed in a more recent publication entitled ‘“The Great Importance of 
Valvular Injury in Rheumatic Heart Disease.’’’ It is against this historical 
background that the development of modern cardiac surgery is to be viewed. 


The preoperative clinical status of patients with mitral stenosis was divided 
into four groups: Group I consists of patients who had no symptoms whatsoever. 
It is usually inaccurate to say that the patient’s mitral stenosis is entirely symp- 
tomless. It is only rarely that one sees a patient with unequivocal mitral stenosis 
who can run foot races or climb mountains without more than the normal 
difficulties. There are many, however, who can carry on ordinary, moderate 
duties and can be entirely unaware that they have anything wrong with their 
hearts. Such patients can swim and dance, play ordinary games, climb stairs, 
and the like without feeling any more uncomfortable than the normal person. 
No patient who belongs to this group was included in this study, since in none 
would surgery have been advised. Mitral valvular surgery has not as yet be- 
come so simple and innocuous and the prognosis in rheumatic valvular disease 
has not reached the stage of such accuracy that there is any justification for 
recommending an operation as a prophylactic measure in patients who are still 
quite fit, able to work, and are little if at all embarrassed. There are still large 
numbers of patients who do well for decades without any special medical care. 

In Group II are included those patients who have had no symptoms at rest, 
but who do have slight limitations on ordinary effort. They might be troubled 
with palpitations or breathlessness or weakness on walking a flight or two of 
stairs or on hurrying in the street. They are generally able to walk considerable 
distances on a flat level at a slow or moderate pace, even though they cannot 
hurry. They have no objective evidence of congestive failure. They may have 
had transient arrhythmias, like paroxysmal auricular tachycardia or auricular 
fibrillation, but they do not have persistent auricular fibrillation. 

Group III includes those patients who have significant symptoms on slight 
effort. They cannot go up one flight of stairs without considerable difficulty, 
nor can they walk many blocks in the street on a flat level. They may or may not 
have had objective evidence of congestion such as peripheral pitting, engorged 
liver, rales at the bases of the lungs, or hydrothorax. The evidence of heart 
failure generally has been responsive to cardiac therapy, either entirely or for 
the most part. The presence of persistent auricular fibrillation or the evidence of 
previous gross arterial emboli would automatically place the patient in Group 
III. The same is not necessarily true in cases of acute pulmonary edema or 
hemoptysis, unless these conditions are recurrent. If these conditions were 
rare or isolated and other features of the case were favorable, the patients could 
still fit into Group II. 
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In Group IV are included all seriously ill patients who have had irreversible 
gross heart failure, some with cardiac cachexia and others with multivalvular 
heart disease. These four groups correspond roughly, but not entirely, to Class 
I, II, III, and IV of the ‘Nomenclature and Criteria for Diagnosis of Diseases 
of the Heart’’ of the American Heart Association. There were other considera- 
tions such as the age, sex of the patients, the presence or absence of visualized 
calcification of the valve, etc., that influenced the determination of the classifica- 
tions in some instances. 

It was stated above that in both the selection and the estimation of the 
results obtained, a “‘clinical’’ appraisal was employed. This may seem to be a 
vague and inaccurate method of judgment. In order to obtain fine measurable 
differences in the dynamics of the circulation, it would have required elaborate 
catheterization studies conducted before operation and at various intervals after 
the operation. This would have entailed considerable work, more than was 
planned in this study, and to some extent would have been a greater hazard 
to the patient than the results might have merited. Certain information could 
be obtained by such studies, but it is not certain that any greater accuracy in 
determining the clinical progress of the patient would have been made possible. 
In any event, most cases will have to be followed by the average practitioner 
and internist without elaborate methods of investigation. After becoming 
familiar with the various ups and downs that occur in the progress of rheumatic 
valvular disease, one becomes fairly well equipped to judge the changes which 
are to be expected in many of these cases. Unpredicted events, both favorable 
and unfavorable, still take place. Such events as the development of subacute 
bacterial endocarditis, the disastrous occurrences of peripheral arterial or pul- 
monary emboli, the subsidence of smoldering active rheumatic infection, the 
development of coronary artery disease, all may obviously change the outlock. 
Complicated preoperative and postoperative studies would help little in enabling 
one to predict these possibilities or to aid in their prevention. 

To estimate the change in the clinical status that resulted from the opera- 
tion was not simple. It could be determined by appraising the subjective and 
objective findings after operation with those present before operation, taking 
into account what might have been logically expected to occur during the ordinary 
course in that interval of time. Some improvement is to be expected from the 
medical management of the cardiac during the hospital stay. Some patients 
gain considerably from the psychological boost that is involved in a procedure 
as dramatic as a heart operation. They often expect a great gain, and some like 
to exaggerate their sense of well-being and minimize their discomforts in order 
to please the surgeon or the physician, or out of gratitude for the fact that they 
have survived the operation. Only when they are closely pressed for details 
does the truth become clear. What may be found is that they feel better than 
they did the first several weeks after the operation when their condition was 
rather poor. If asked whether they are any better than they were before the 
operation, whether they can now do things that they could not perform before 
the operation, some of these patients will admit that they have not quite reached 
or, at least, have not surpassed their preoperative level of activities. 
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Subjective symptoms and the general appearance and behavior of the pa- 
tient, although less definitive and more difficult to measure, are a still more 
valuable guide as to the progress of these cardiac patients than are objective 
findings. A patient who has been confined to her home or to life in a bed and 
chair is much more impressed by a change that enables her to go out to do some 
shopping, visit friends, or go to the theater, than she is by an increase or decrease 
of the transverse diameter or the heart. To be sure, objective data could be 
more easily followed, but their value depends on the interpretation placed on 
them, and that is no simple matter. It is reasonable to suppose that the disap- 
pearance of pitting edema or enlarged liver would be desirable changes to observe. 
However, most of the physical findings have been disappointing as guides to 
the progress that was taking place. Marked improvement occurred with no 
change in the heart size or vital capacity of the lungs or the intensity or character 
of the murmurs. A further point that must be considered after a lapse of months 
or years is to be aware of what might have happened during that interval of 
time had no cardiac surgery been performed. As the years pass, if the patients 
are as well but no better than they were before the operation, one might say that 
they survived this interval of time only because of the operation, and that they 
would have deteriorated or died long since on ordinary medical management. 
This latter concept was not considered in analyzing the cases, except in rare 
instances. Another type of progress that is difficult to analyze is that of reste- 
nosis after operation on the mitral valve. 

There are certain complications in rheumatic valvular disease that are diffi- 
cult to analyze. Ifa patient had arterial emboli or frequent attacks of pulmonary 
edema or hemoptysis before the operation and none afterward, can we ascribe 
the beneficial results to the surgery? In so far as the occurrences of arterial 
emboli are concerned, and especially of cerebral emboli, there is an important 
statistical factor to keep in mind. It seems that in the natural course of events, 
cerebral emboli, with passing of the years, decrease in frequency after the onset 
of auricular fibrillation. From this it would follow that during the third, fourth, 
or fifth year after the beginning of auricular fibrillation, even without surgical 
intervention, cerebral emboli would be much less frequent than during the first 
year. In the extensive follow-up study by Ellis and Harken® it was found that 
cerebral emboli were much less frequent postoperatively than preoperatively. 
The difficulty with this analysis is that, as has just been mentioned, during these 
advancing years emboli are much less frequent without surgery. Despite this 
it would seem that the incidence postoperatively is still much less than would 
be expected on medical management alone. Only after an appraisal had been 
made of all the clinical factors that could be assessed was final judgment ren- 
dered as to the degree of improvement, if any, that had resulted from the opera- 
tion. 

The most important single guide to the progress of these patients is their 
ability to breathe. The simple observation that a patient is able to walk greater 
distances without distress or without stopping, or that he is able to mount a 
greater number of steps, serves as a useful measure in deciding that the patient 
has improved. Therefore, one might have expected the vital capacity of the 
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lungs to be a reliable yardstick in following the progress of these patients. 
Ordinarily, cardiac patients with congestive failure show a decreased vital ca- 
pacity of the lungs, and this almost always increases as the clinical condition 
improves under medical management. It was surprising to find in many of the 
cases in this study that the patient’s ability to breathe improved markedly and 
that he was often able to make greater efforts without dyspnea although the 
vital capacity of the lungs remained the same or changed only slightly. This 
discrepancy is explained partly by the fact that there may be some mechanical 
restriction in the movement of the lungs that results from the operation itself. 
What is more important is that after a satisfactery mitral operation and the 
attendant relief of pulmonary congestion, although the vital capacity at rest 
may not have increased, the breathing space after effort may not fall as much as 
would have occurred before operation. In other words, the response to effort 
is the determining factor, because most of these patients have no dyspnea at 
rest even before the operation. 

On the basis of operative results the survivors were classified according to 
change in clinical status as follows: worse, unchanged, improvement slight, mod- 
erate, good, or excellent. The various changes that took place after the operation 
were judged and classified after due consideration had been given as to how the 
patient felt or thought about his status and to the objective findings that we 
could detect on ordinary physical examination. The degree of improvement 
may well have been regarded as ‘“‘good”’ in a patient who originally belonged to 
Group IV and was confined to home or existence in a bed and chair, if he were 
subsequently able to take short walks in the street, even if mounting one flight 
of stairs was still difficult. On the other hand, a Group III patient, in order to 
be regarded as having obtained a ‘‘good’”’ result, would have had to be able to 
go up one or more flights of stairs without discomfort after operation. It is 
obvious that one would have to consider the preoperative level of disability in 
estimating the degree of improvement. 

A further objective in following patients of this sort is an effort to gauge the 
time of maximum improvement and to determine how long it can be maintained. 
When mitral surgery was first generally undertaken, one naturally wondered 
whether the same rheumatic process which produced the original censtriction 
of the mitral valve would continue to operate, with a gradual return of the orig- 
inal stenosis. It was inconceivable that the surgery could influence the under- 
lying inherent mechanism that was responsible for the original narrowing of the 
valves. It seemed that all an operation would do was to set the ‘‘thermostat”’ 
back, and that it would gradually return to its original preoperative level. Suf- 
ficient time has already lapsed to make one feel that this is not necessarily true. 
The situation is somewhat similar to the problem of pericardial constriction. It 
is surprising to find that the mechanical removal of part of a pericardial scar 
around the heart has resulted in great and lasting improvement, when nothing 
had been done for the original cause of such a scar. Why did not the scar and 
constriction recur promptly? This has not occurred in many of the pericardial 
cases that have been observed for years, and the same seems already to be true 
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of many of the mitral cases. Furthermore, it has been observed in some of these 
mitral cases that improvement became even greater in the second or third year 
after the operation. 

The reverse has also occurred, i.e., when an original improvement gave way 
to greater deterioration after one or more years. These changes in the clinical 
pregress may result from variations in the degree of active rheumatic infection, 
the redevelopment of mitral stenosis after a period of improvement, or the com- 
plications that naturally take place in chronic rheumatic valvular disease. One 
extremely rare complication not observed in this study deserves special comment, 
inasmuch as it has been noted by one of us in a postoperative case in another 
hospital. This particular patient had been operated upon for aortic stenosis. 
During the following months, gradual severe and refractory right-sided heart 
failure developed, with considerable pitting edema, ascites, and increased venous 
pressure. The most likely explanation seemed to be pericardial constriction, 
which might have resulted from the presence of blood in the pericardium attend- 
ant upon the operation for aortic stenosis. With this in mind, an operation 
was urged and a diagnosis of pericardial constriction was confirmed. This is 
not a common postoperative complication because the pericardial cavity is 
generally drained, not permitting any lengthy presence of hemorrhagic fluid in 
the pericardial sac. 

The appraisal of improvement cannot always be estimated during the early 
months after surgery. The so-called postcommissurotomy syndrome which 
resembles rheumatic reactivation might color the postoperative course. Even 
after these conditions have all cleared, it may take some time for favorable 
changes gradually to develop, such as a decrease in left auricular, pulmonary 
capillary, and pulmonary arterial pressures. It also may require a considerable 
time for the left ventricle that had been performing a decreased amount of work 
for years, with a small cardiac minute output, to hypertrophy and to adjust 
itself to the new dynamic situation. 

One occasionally hears, especially from surgeons, that the patient was cured 
of the mitral stenosis. We doubt that this is ever accomplished by surgery even 
in those who obtain an ‘“‘excellent’’ result. When improvement is great and 
there is no longer any dyspnea on ordinary effort, including stair climbing, it 
is very unlikely that vigorous running would be tolerated without difficulty. 
Likewise, in such patients with “‘excellent’’ results a certain degree of mitral 
stenosis is likely to persist even when at the end of the operation the surgeon 
estimated the mitral valve as very large, i.e., 4 sq. cm. or more. If the patient 
is to be regarded as no longer having mitral stenosis when classical signs are still 
present, there would be very little basis for making this diagnosis before opera- 
tion. The classical signs of mitral stenosis generally persist even in those patients 
who obtain “‘excellent’’ postoperative results. 


MATERIAL IN THE STUDY 


The study consists of a review of 72 patients with mitral stenosis who were observed at the 
Peter Bent Brigham Hospital before and after mitral valvuloplasty. These comprise all patients 
subjected to surgery who were under the care of one of us. It is fair to say, however, that the 
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group is somewhat weighted in favor of the severer type of cardiac disability, particularly during 
the first few years, because a cardiac consultant is likely to have the more difficult problems 
under his care. Furthermore, during the first few years one was reluctant to subject to a serious 
surgical operation those cardiac patients who were not already gravely ill. As the operative 
mortality decreased, milder cases were more readily subjected to surgery. 

There were 74 valvular operations performed in these 72 patients, 2 patients having had 
secondary operations at a later date. In 71 of the 72 patients, mitral stenosis of more or less severe 
degree was found at operation. In 1 patient no evidence of mitral stenosis was found, and this 
case, therefore, is to be considered as one of mistaken diagnosis. 

The average age of these patients at the time of operation was 44 years. There were 61 
females with an average age of 40.5 years and 11 males with an average age of 47.5 years. The 
age range for the females was 27 to 62 years, and for the males it was 39 to 60 years. It is of some 
interest that 9 patients in this series were over 50 years of age. During the more recent years 
some patients who might have been denied surgery in the earlier years have been operated upon. 

The preoperative clinical status of all 71 mitral stenosis cases was divided into four groups. 
No patient who would fit into Group I (symptomless) was subjected to surgery. Group II (slight 
limitation on ordinary effort) included 19 patients, i.e., 26.7 per cent of the total. Group III 
(significant symptoms on slight effort) included 41 patients, i.e., 57.7 per cent of the total. Group 
IV (seriously ill with irreversible failure) included 11 patients, i.e., 15.5 per cent of the total. The 
average degree of preoperative clinical disability for the whole group was 2.9. 


CLINICAL RESULTS 


After having made the clinical diagnosis that mitral valvular stenosis is 
present, possibly in combination with mitral insufficiency or involvement of the 
other valves, the question foremost in the mind of the physician will be that 


of estimating the degree of stenosis in the particular case and the amount of 
benefit that can be expected from its repair. Are there any clues in the symp- 
tomatology, the physical findings, the x-ray, or the electrocardiogram that could 
guide one in advising operation? In an attempt to answer these questions, a 
careful analysis of the symptomatology, physical findings, x-ray findings, and 
electrocardiograms of all the patients in the various groups was made in relation 
to the results obtained by surgery. 

There were 6 operative deaths among the 72 patients who had 74 operations, 
i.e., 8.1 per cent. Three were males and 3 were females. When it is realized 
that there were 61 females and only 11 males in the entire series, although these 
numbers are very small, the general impression is that males do less well than 
females. There were 5 deaths (1 male and 4 females) among the 66 remaining 
patients during the follow-up period. There were 7 whom we were unable to 
contact for re-examination, although they were known to be alive. The follow- 
up period was 42.0 months. . 

The average age of the 6 operative fatalities was 45.8 years. This is about 
5 years older than the average age of those who survived the operation (41.0 
years). Two of these 6 belonged to Group II, 1 to Group III, and 3 to Group IV. 
The average degree of preoperative clinical disability of these 6 patients was 3.3, 
which was definitely higher than for the 66 patients who survived the operation 
(2.8). Although the immediate operative mortality, as indicated above, was 8.1 
per cent, it must be emphasized that during the past 2 to 3 years the figure has 
fallen to about 1 per cent in this hospital for patients in Group III. 
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The 5 patients who died postoperatively survived for periods ranging from 
2 months to 7 years, with an average of 36 months. The average age of these 
patients was 43.4 years. These five belonged to Group III, as to preoperative 
clinical disability, the average being 3.2. The average age at the time of opera- 
tion of the remaining 61 patients, all of whom were known to be alive, was 39.9 
years. 

The change in the clinical status after operation, as mentioned above, has — 
been indicated in the following manner: worse, unchanged, improvement (1) 
slight, (2) moderate, (3) good, (4) excellent. There were, therefore, four degrees 
of improvement, 1 to 4. For the purposes of this discussion, a figure such as 2.5 
would indicate a degree of improvement between moderate and good. 


Among the 58 patients there were 3 who were considered as worse after 
the operation, 5 who were unchanged, 7 who had grade 1 improvement, 12 who 
had grade 2 improvement, 24 who had grade 3 improvement, and 7 who had 
grade 4 improvement. The average degree of improvement was 2.3 and the 
average follow-up period was 42 months. The average follow-up period varied 
somewhat in the various groups from about 3 to 5 years. It is of interest, how- 
ever, that those with the maximum improvement (grades 3 and 4) have already 
been followed for about 4 years. There was very little difference in the improve- 
ment between those who were in preoperative severity Group II and those in 
Group III, the average degree of improvement being 2.4 and 2.2, respectively. 
The worst group, however, (Group IV severity) did obtain less postoperative 
improvement (only 1.8). 

It was of interest to determine the average length of follow-up for the pa- 
tients of different degrees of preoperative severity. The average postoperative 
period of follow-up for the 15 patients with Group II severity (in whom the 
information was available) was 37.0 months. For 32 patients with Group III 
preoperative severity it was 42.3 months, and for 7 patients with Group IV 
severity it was 53.8 months. It is obvious that the follow-up period was ade- 
quate in all three groups. It is also of interest that the follow-up period was 
longest in the more severely ill patients. This is explained by the fact that in 
the early years of mitral surgery, only patients who were markedly disabled 
were subjected to operations. In more recent years, as the surgical risk lessened, 
cases with slighter disability were operated upon. 

From this study it is clear that surgery for mitral stenosis can be carried 
out with a decreasing operative risk that is now comparable to the operative 
risk of major abdominal surgery. It is also evident that the results on the whole 
are satisiactory, that improvement is to be expected in the great majority of 
cases (although not in all), and that, generally, this improvement can be main- 
tained for some years. The degree of improvement varies in different cases, 
but even those cases with marked disability (Group IV) not infrequently show 
strikingly beneficial results. An analysis was made of various clinical factors 
that might have a bearing on the selection of cases and help in predicting favor- 
able results from surgery. Many of these points have been carefully studied in 
the past by other observers.*:!° 
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BLOOD PRESSURE 


The relation between the blood pressure level and the various clinical fea- 
tures was ascertained. The cases were divided into four groups, A, B, C, and D. 
Group A contained those with preoperative systolic blood pressure readings of 
129 mm. Hg or less (42 cases). Group B contained those with readings of from 
130 to 149 mm. Hg (19 cases). In group C were those with readings of from 150 to 
179 mm. Hg (6 cases). In group D were those with readings of 180 mm. Hg and 
‘over (4 cases). For some of the analyses, the lower two and upper two were 
grouped together, because otherwise the numbers were too few. The degree of 
improvement showed a steady decline from group A to group D as the blood 
pressure increased, the degree of improvement being expressed by the figures 
2.6, 2.3, 1.3, and 0.7, respectively. 

Among the 61 patients belonging to the first two groups without hyper- 
_tension there were 3 immediate operative deaths and 3 late deaths. In contrast, 
there were 3 operative deaths among the 10 belonging to groups C and D, and 1 
late death. To be sure, those with lower pressures were somewhat younger than 
those with higher pressures, the average ages being 40.1, 42.3, 46.8, and 47.0 
years, respectively, in the four groups. 

It has been thought that patients with hypertension and mitral stenosis 
often did fairly well and, in fact, somewhat better than those with the same de- 
gree of disability and a lower pressure. Elderly women with mitral stenosis and 
auricular fibrillation often seemed to have had hypertension." It seems rea- 
sonable to suppose that it would be difficult to maintain a markedly elevated blood 
pressure with a tight mitral stenosis and the necessarily decreased cardiac out- 
put. For this reason, it was suspected that a larger mitral valve would be found 
at the time of operation in cases with elevated blood pressure than in those with 
normal readings. This suspicion proved to be true in the present study. 

The valve size was estimated by the surgeon at the time of his exploration. 
Those described as 0.5 sq. cm. or less (11 cases) were classed as “very tight,”’ 
those from 0.6 to 1.0 sq. cm. as “tight’’ (43 cases), those over 1.0 sq. cm. as ‘‘mod- 
erate’”’ (12 cases); the others comprised the group in which the surgeon described 
the valve as predominantly incompetent, with only slight stenosis (4 cases). 
(In one case the valve size was not described.) Among the 10 cases with hyper- 
tension (blood pressure groups C and D) there was not one with a very tight 
valve. Five were tight, 4 were moderately tight, and 1 was predominantly in- 
competent. Of the remaining 60 cases, in which the blood pressure was under 
150 mm. Hg, there were 11 cases of very tight mitral stenosis, 38 tight, 8 mod- 
erately tight, and 3 primarily incompetent. It is rather striking that when 
hypertension was present, there were no very tight valves. In fact, of the 11 
instances in which the stenosis was very tight (0.5 cm. or less), 10 belonged to 
blood pressure group A, i.e., blood pressure under 130 mm. Hg. 

The relative antagonism between very tight mitral stenosis and marked hy- 
pertension is confirmed by a further analysis. There were no hypertensive pa- 
tients among the 11 cases with very tight mitral stenosis and only 5 hyperten- 
sive patients among the 43 cases with tight mitral stenosis. In contrast, there 
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were 5 hypertensive patients among only 16 cases with “‘moderate”’ mitral ste- 
nosis or those with predominant incompetency. 

The level of the blood pressure had a slight effect on the expected improve- 
ment. The average reading of the 31 cases that showed grade 3 or 4 improve- 
ment following operation was 123.1 mm. systolic and 78.1 mm. diastolic, whereas 
corresponding readings for those 15 cases showing the poorest results (worsened 
by operation, no change or only grade 1 improvement) were 138.7 mm. and 85.2 
mm. Hg. It would appear then that increase in blood pressure makes the pros- 
pects a little less bright; however, it cannot be inferred that the pressure level 
itself is the determining factor. It has been shown that those with higher pressure 
levels are more likely to have a lesser degree of mitral constriction, and anatomical 
correction of this defect will therefore result in less gain. 


AUSCULTATORY FINDINGS 


The auscultatory findings that were present before and after surgery were 
noted by the same observer (S.A.L.). Immediately after operation, pericardial 
sounds obviously predeminated, but after several days they vanished. The 
first comparisons of the basic cardiac findings were generally made about 2 weeks 
after the operation when bandages and stitches had been removed and the pa- 
tient was ambulatory and feeling fairly comfortable. The heart sounds and 
murmurs were often somewhat decreased in intensity at this time. What seemed 
more important was to note any change that might have occurred some months 
later, when the patient might have already obtained a certain degree of improve- 
ment from the operation. For this reason, the main emphasis was placed on the 
findings obtained 6 to 12 months after the operation. 

Apical Systolic Murmurs.—The relationship between the presence and in- 
tensity of murmurs to the degree of postoperative improvement was investigated. 
The intensity of murmurs was graded” in the customary fashion from 1 to 6. 
There were 19 instances amongst the 31 who had a favorable result (grades 3 
and 4 improvement) in which no apical systolic murmur was heard, while there 
were only 4 out of 15 in the poorest group. Among the 31 patients who had 
grades 3 or 4 improvements the average intensity of the apical systolic murmur 
was 0.65; in contrast, for the 15 poorest results (worse by operation, no improve- 
ment or grade 1 improvement) it was 1.7. It is of interest that when each group 
(though small) was analyzed individually, there was a steady linear increase of 
the apical systolic murmur from the one with the greatest improvement to the 
one that was worst postoperatively. 

In general, the apical systolic murmur was fainter than the diastolic in the 
favorable cases and the two tended to be of more equal intensity for the less 
favorable cases. There were, however, 6 exceptional instances in the favorable 
group in which the systolic murmur was definitely louder than the diastolic. 

In the selection of patients, therefore, one tries to avoid those who have 
primarily mitral insufficiency and feels most hopeful in those with the least 
degree of this defect. The intensity of apical systolic murmurs has been one 
of the guides among many others that might indicate the degree of mitral incom- 
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petency. The so-called pure or tight mitral stenosis could be expected to show 
a diastolic rumble without any murmur at all in systole. Although there are 
exceptions in which tight mitral stenosis is associated with a systolic murmur, 
the reverse is very rare, i.e., appreciable mitral insufficiency as found by the sur- 
geon during his exploration was very rarely observed where no systolic murmur 
was present preoperatively. The inference to be drawn is that the absence of 
an apical systolic murmur is fairly reliable evidence that significant mitral 
insufficiency does not exist. However, the presence of a systolic murmur of 
moderate intensity or louder is found occasionally where the mitral valve is 
considerably stenosed and regurgitation, if present, is of minor degree. In fact, 
the systolic murmur rarely is much louder (Grade 4) than the diastolic (Grade 
1-2) when the valve is markedly stenosed. The exact mechanism of this anom- 
alous finding is puzzling. It may be due to a minute mitral regurgitation through 
a very small opening during systole or it may possibly be a result of a tricuspid 
regurgitation and not due to mitral insufficiency at all.” 

Mitral valvuloplasty in its present form is mainly meant to relieve the ob- 
struction by a stenosed mitral valve. Concomitant mitral insufficiency, on the 
other hand, will be influenced only indirectly, if at all, by this operation. It 
has been demonstrated" that the coexistence of major mitral regurgitation and 
major stenosis is a physiological impossibility. With a marked obstruction of 
blood flow at the mitral valve there cannot be an increase in the volume of blood 
delivered to the left ventricle during each diastole. In fact, the volume would 
be less than normal. With each ventricular systole, if there were much reflux 
into the left auricle, there would be too little left to be propelled out through the 
aorta to maintain an adequate peripheral circulation. The physician, therefore, 
in order to exclude from operation those in whom mitral insufficiency seems to 
be the major component, will be presented with the problem of deciding in a 
particular case whether stenosis or regurgitation is predominant. 

The systolic murmur is generally regarded as the most distinctive ausculta- 
tory finding of mitral insufficiency. It might be thought that the intensity of 
the systolic murmur could serve as a clue to estimate the degree of mitral in- 
sufficiency. This did not prove to be a completely dependable guide. There 
were very loud systolic murmurs (Grade 4) in patients who proved on operation 
to have had the most tightly stenosed valves (0.5 sq. cm. or less), and, on the 
other hand, there was one patient who proved at operation to have almost free 
regurgitation and only a very minor degree of mitral stenosis and yet presented 
preoperatively only a faint systolic murmur (Grade 1). } 

A calculation of the average intensity of the systolic murmur in the 3 groups 
of “‘very tight,’’ “‘tight,’’ and ‘‘moderately tight’’ stenosed valves gave the 
following results. The average intensity of the systolic murmur in 11 cases 
with very tightly stenosed valves was 1.3, in 42 cases with tightly stenosed mi- 
tral valves it was 1, in 12 cases with moderately tight mitral stenosis it was 1.6, 
and in the 4 cases that proved to have free regurgitation it was calculated to 
be 3. Notwithstanding the variations discussed above, the systolic murmur, 
in general, is louder with more marked mitral insufficiency. However, ‘a faint 
systolic murmur does not at all exclude the possibility of a marked or even pre- 
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dominant mitral insufficiency; likewise a very loud systolic murmur does not 
exclude a very tight mitral stenosis with only minor mitral insufficiency. 
In these cases decisions will have to be made on additional data. 

It is of interest that the average improvement in those few cases with a 
Grade 4 or louder systolic murmur proved to be almost as good (2.2) as in those 
that showed no systolic murmur at all (2.6). This is in accord with the correla- 
tion reported above that a very loud systolic murmur can occasionally be ob- 
served in very tight mitral stenosis. It seems, therefore, that the most promising 
cases (all other factors being favorable) are those with no systolic murmur at 
all and possibly those with very loud systolic murmurs. 

When the patients were re-examined 6 to 12 months postoperatively, the 
systolic murmur was found to have increased on the average 1.9 as compared 
to the preoperative findings in 16 cases. It remained unchanged in 27 cases and 
was decreased in 5 cases on the average 1.2. 

It is of considerable interest that all those in whom the systolic murmur 
increased in intensity or appeared anew after the operation had a decidedly poorer 
result from the operation than those in whom the systolic murmur remained 
unchanged or decreased after the operation. The average improvement for 
those who had an increase in the systolic murmur postoperatively was only 1.6 
(slight to moderate); whereas, in those in whom the systolic murmur remained 
unchanged the average degree of improvement was 2.9 (marked improvement), 
and in those in whom the systolic murmur decreased in intensity following the 
operation the average degree of improvement was 2. The appearance post- 
operatively of a systolic murmur or the intensification of a pre-existing one, 
therefore, is not a favorable sign. 

Exceptional Cases With Systolic Murmurs.—There were 6 instances in which 
the finding of a fairly loud apical systolic murmur might have led the examiner 
to feel that there was a sufficient degree of mitral regurgitation to contraindicate 
surgery for mitral stenosis. In these 6 cases, however, operation resulted in a 
very satisfactory improvement, i.e., grade 3-4 results. There were other patients 
with fairly loud apical systolic murmurs who had less favorable results from 
surgery. The question quickly arises whether there are some clues that might 
enable the physician to predict which mitral patients might still do well though 
they show a Grade 3 or louder apical systolic murmur. 


Case 1.—A. B., a 55-year-old woman, was quite sick with objective evidence of right- and 
left-sided congestive failure. There was a Grade 4 apical systolic murmur and a Grade 2 apical 
diastolic murmur. ECG showed right ventricular hypertrophy. The mitral valve was found at 
operation to be fairly tight (less than 1 sq. cm.). She has maintained a most satisfactory result 
for 4 years. 

Case 2.—I. C., a 39-year-old woman, had considerable dyspnea, a history of occasional 
hemoptysis, probably acute pulmonary edema. Heart was regular and showed a Grade 3 apical 
systolic murmur and only a questionable, faint diastolic murmur. The heart was considerably 
enlarged (42 per cent above average). The ECG showed right ventricular hypertrophy and P- 
mitrale. The patient has maintained a most satisfactory improvement (grade 3) for 41% years 
since her valvuloplasty. 

Case 3.—S. K., a 47-year-old woman, had considerable dyspnea and recurrent attacks of 
pulmonary edema. Heart showed a Grade 3 systolic murmur and an almost equally loud apical 
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diastolic murmur. ECG showed right ventricular hypertrophy. The mitral valve was found at 
operation to be 0.6 sq. cm. The patient has maintained a satisfactory improvement for 4 years 
since operation, despite the fact that permanent auricular fibrillation developed directly after 
surgery. 

CasE 15.—C. M., a 43-year-old woman, belonged in the most severely ill group (Group IV). 
She had irreversibie right heart failure with a huge liver, marked cardiac enlargement (43 per cent 
above average), showed a Grade 3 apical systolic and only a Grade 1 diastolicmurmur. The ECG 
showed auricular fibrillation and right ventricular hypertrophy. The valve size at operation was 
found to be 0.5 sq. cm. This patient has maintained a markedly improved result (grade 3) for 
11% years. 

CasE 30.—M. V., a 33-year-old woman, had distressing dyspnea and spells of pulmonary 
edema with occasional hemoptysis. There was a Grade 3 to 4 apical systolic murmur and a faint 
Grade 1 diastolic murmur. The ECG showed normal sinus rhythm, right ventricular hypertrophy, 
and P-mitrale. The heart was 25 per cent enlarged. The mitral valve was found at operation to 
be 0.5 sq. cm. in area. Patient had the best kind of result (grade 4 improvement) which has been 
maintained for 4 years. 

Case 48.—J. H., a 38-year-old woman, was quite short of breath, the liver was enlarged 3 
fingers below the costal margin, and the heart showed a Grade 3 systolic and a Grade 2 diastolic 
murmur at the apex. The heart was moderately enlarged (30 per cent). The ECG showed right 
ventricular hypertrophy, normal sinus rhythm, and P-mitrale. The valve at operation was found 
to be 0.4 sq. cm. in area. Patient was known to have obtained a marked improvement for at 


least 6 months. 


The outstanding characteristics of these patients who showed considerable 
or marked mitral stenosis at operation and manifested a fairly loud apical systolic 
murmur were that they were all female, that they all showed right ventricular 
hypertrophy in ECG, and when normal sinus rhythm was present, a P-mitrale 


was found. (For criteria of RVH see later in ECG section, Part II.) Most 
had pulmonary edema or hemoptysis. Favorable results were therefore ob- 
tainable when the heart was considerably enlarged, when the liver was also con- 
siderably enlarged, and even when the congestive heart failure had been irre- 
versible on medical management. 

Apical Diastolic Murmur.—It is well known that the apical diastolic or 
presystolic murmur is the most distinctive feature of mitral stenosis. It is often 
thought that a louder diastolic murmur means a greater degree of mitral stenosis. 
This did not prove to be true in this study. There were loud and faint diastolic 
murmurs with slight stenosis and the same was true for the cases with marked 
stenosis. In fact, there were several instances of “very tight’”’ or ‘“‘tight’’ mitral 
stenosis in which no diastolic or presystolic murmur whatever could be heard 
at the apex, and the diagnosis of mitral stenosis had to be made on other criteria. 
It so happened that there was no instance without a diastolic murmur among 
those who had only a “‘moderately”’ narrowed valve (over 1 sq. cm.). - 

A calculation of the average loudness of the diastolic murmur in the 3 
groups (“very tight,” 0.5 sq. cm. or less; “tight,”’ 0.6 to 1.0 sq. cm.; and “‘moder- 
ately tight,’ over 1 sq. cni.) was of some interest. The average intensity of the 
diastolic murmur for the 11 cases with a “‘very tight’’ stenosis was 1.6; for the 43 
cases with ‘‘tight’”’ mitral stenosis it was 2.4; and for the 12 cases with ‘‘mod- 
erately tight’ mitral stenosis it was 2.1. It would appear, therefore, that the 
diastolic murmur can become fainter with the extreme degree of mitral stenosis, 
and in rare instances might even be absent. Apart from this it must also be ap- 
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preciated that a rather loud diastolic murmur can be present in cases with pri- 
marily mitral regurgitation having a patulous mitral valve with a slight dia- 
phragmatic-like stenosis of the entire ring. Only a few such cases were found 
in this study, as they would not have been chosen for operation for mitral stenosis, 


It was of interest to correlate the loudness of the diastolic murmur observed 
preoperatively with the ultimate improvement achieved postoperatively. Three 
patients with no diastolic murmur preoperatively had an average grade 2 im- 
provement (moderately improved). In fact, one of these three had a grade 3 
improvement. Two more patients with no diastolic murmur preoperatively 
died at the time of the operation or immediately thereafter. Ten patients with 
a Grade 1 diastolic murmur had an average improvement of 2.4 (moderate to 
marked). Twenty-two patients with a Grade 3 diastolic murmur had an average 
improvement of 2.2 (moderate to marked) and, finally, 2 with a Grade 4 diastolic 
murmur showed a 3.5 improvement. An analysis from a different angle gave 
similar results. The intensity of the diastolic murmur for the 2 groups (3 and 4) 
that obtained the best results (31 cases) was 2.4, and for the 15 poorest results 
(worse, unchanged or grade 1 improvement) it was 1.9. A louder diastolic mur- 
mur may, therefore, indicate a slightly greater expectation of a good result. 

When patients were re-examined 6 to 12 months after the operaticn, the 
intensity of the diastolic murmur was found to be decreased in 26 instances, 
about the same in 20, and slightly increased in 4. The decrease in intensity for 
the 26 cases was considerable as it averaged 1.7 (in the customary scale of 1 to 
6). It is of further interest that, in general, those who had a greater reduction in 
the intensity of the diastolic murmur had a better clinical result from the opera- 
tion. The average improvement for those who showed a decrease in the intensity 
of the diastolic murmur was 3.0 (marked improvement), while the degree of 
improvement in the remainder was 1.6 (slight to moderate improvement). 

Basal Murmurs.—An analysis of the presence or intensity of basal murmurs, 
systolic or diastolic, in those patients who obtained a satisfactory result as com- 
pared to those with an unsatisfactory result reveals that there was very little 
difference in the two groups. It was often no simple matter to distinguish a 
diastolic murmur at the third intercostal space at the left sternal border, that 
might be called a Graham Steell murmur due to pulmonary insufficiency, from 
one due to aortic insufficiency. In a case of definite mitral stenosis, if there is 
satisfactory evidence of aortic stenosis (calcified aortic valves, loud aortic systolic 
murmur, plateau pulse, decreased aortic second sound with left ventricular hy- 
pertrophy in the electrocardiogram), a diastolic murmur at the left sternal border 
is best interpreted as aortic in origin. If these signs are absent, and there is 
no collapsing quality to the peripheral pulse and no high pulse pressure, the dia- 
stolic murmur at the left upper sternal border is best assumed to be due to pul- 
monary insufficiency. This general point of view is particularly valid if there 
is additional evidence of increased pulmonary arterial pressure such as right 
ventricular hypertrophy in the electrocardiogram, an accentuated pulmonary 
second sound, and an enlargement of the pulmonary artery. In this regard, an 
accentuated and somewhat delayed first sound in the second left intercostal 
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space (“‘the slatting sail sound’’) is a strong indication that the pulmonary artery 
is dilated. Ina word, basal murmurs for the most part can be dismissed in cases 
of rheumatic valve disease if there is right ventricular hypertrophy in the electro- 
cardiogram, when the question of mitral surgery has to be considered. 

Accentuated Apical First Heart Sound.—An accentuated, snapping first 
heart sound at the apex is generally thought of as favoring the diagnosis of mi- 
tral stenosis. Intensity of the first heart sound was observed in these cases and 
described as normal, accentuated (Grade 1), markedly accentuated (Grade 2), and 
very markedly accentuated (Grade 3). In 12 out of 69 cases in whom this in- 
formation was available, the first heart sound was not, or only questionably, 
accentuated. In 39 cases it was accentuated (Grade 1) and in 18 cases it was 
markedly or very markedly accentuated (Grades 2 and 3). 

It seemed of interest to compare the degree of mitral stenosis as described 
by the surgeon during the operation with the degree of accentuation of the first 
heart sound as observed. preoperatively. In 11 cases with a very tightly stenosed 
mitral valve, the average intensity of the first heart sound was 1.1; in 51 cases 
with a tight mitral stenosis, it was 1.2; in 11 cases with only moderately tight 
mitral stenosis, it was 1.1. It seems, therefore, that no prediction as to the tight- 
ness of the mitral stenosis can be made from the degree of accentuation of the 
first heart sound. In 4 cases with predominant mitral insufficiency and only 
minor mitral stenosis, the average intensity of the first heart sound was 1 (i.e., 
accentuated). Obviously from these 4 cases with predominant mitral regurgita- 
tion no conclusion can be drawn. The above observations of an increased first 
heart sound in these 4 cases with predominant mitral regurgitation does not 
invalidate the general concept that an accentuated first heart sound at the apex 
is fairly good evidence for mitral stenosis but also is present with predominant 
mitral regurgitation. 

Calcification of the Mitral Valve.—In 25 cases in this group of 71, the mitral 
valve at operation showed some degree of calcification varying from very slight 
to very marked. When the degree of calcification is graded from i to iv, then 
7 out of these 25 cases showed a grade i degree of caicification, 8 cases a grade ii 
degree, 9 cases a grade iii degree, and one case a grade iv degree of calcification. 

The average intensity of the first heart sound in 23 cases with calcified mitral 
valves was 0.9; whereas in all other cases in which this information was available 
(43 cases) the average intensity of the first heart sound was calculated to be 1.3. 
It seems, therefore, that with calcified mitral valves the first heart sound is apt 
to be less accentuated than in those with noncalcified stenosed valves. -However, 
in several instances where markedly calcified valves were found at operation, 
a markedly accentuated first heart sound had been observed preoperatively. 

It was of interest to compare the clinical result obtained from the operation 
in cases with calcified valves and those with noncalcified mitral valves. Of the 
25 patients with calcified mitral valves, 4 died at the time of the operation or 
shortly thereafter. Only 2 of the other 39 patients without calcified valves 
died at or immediately following the operation. The average clinical result from 
the operation in cases with calcified mitral valves was calculated to be 1.7 (i.e., 
slightly to moderately improved), and for those with noncalcified mitral valves 
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it averaged 2.2 (i.e., better than moderately improved). A calcified mitral 
valve seems, therefore, to present a greater immediate operative risk and the 
ultimate outcome in the survivors is slightly less favorable than in those with 


no calcification. 
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Some Clinical Notes on Patients With Mitral Valvular Disease Who Have 
Had Mitral Valvuloplasty. Part Il 


Egon Riss, M.D., and Samuel A. Levine, M.D., Boston, Mass. 


AURICULAR FIBRILLATION 


It is well known that auricular fibrillation is a common late development 
in mitral stenosis. This arrhythmia may be transient in form, each spell lasting 
a few hours or a day or two; or in the course of time, and not infrequently with 
the first episode, it may become permanent. It may be arbitrarily regarded as a 
perpetual arrhythmia if it lasts a week or more; spontaneous reversion to normal 
sinus rhythm on digitalis therapy alone is rare after it has lasted this long. 

Among the 71 patients in this study, 46 had chronic auricular fibrillation up 
to the day of the mitral surgery. The other 25 had normal sinus rhythms just 
before operation. Of the 25 with normal sinus rhythms, 8 developed auricular 
fibrillation during the operation or shortly thereafter. This change in rhythm 
may take place either during operation or one or two days later, or even as long as 
10 to 12 days postoperatively. One of the 8 patients reverted to normal sinus 
rhythm spontaneously, and 1 other did so on digitalis therapy. In 3, regular 
rhythm was obtained on quinidine therapy. In the remaining 3, quinidine therapy 
was not successful, although in 2 of these, regular rhythm was obtained tem- 
porarily but auricular fibrillation quickly returned. 

There were 4 among these 25 patients with normal sinus rhythm who had 
had previous bouts of auricular fibrillation which reverted preoperatively to 
normal sinus rhythm, either spontaneously or with the aid of quinidine. Three of 
these 4 with normal sinus rhythm at the time of surgery developed auricular 
fibrillation again during the operation or soon thereafter. In contrast to this, 
it is of interest to note that among the remaining 21 patients with normal sinus 
rhythm on the morning of the operation, only 5 developed auricular fibrillation 
during the immediate postoperative period. It would appear that those who had 
transient fibrillation in the past developed it more readily again during or di- 
rectly after mitral surgery than did those who had not had it. 
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The 46 patients who had persistent auricular fibrillation at the time of opera- 
tion were maintained on constant digitalis; most of them were not given quinidine 
at all. In some, postoperative attempts were made to produce normal sinus rhy- 
thm, but these were generally unsuccessful. Occasionally, regular rhythm was 
obtained on quinidine, but the gross irregularity quickly returned. There were 
a few instances in which quinidine therapy failed before operation and succeeded 
several months after a successful valvuloplasty. 

An important question that arises is whether to try to regularize the heart 
when auricular fibrillation is present before the operation is performed. It would 
seem best not to do this. The attempt is not likely to succeed if the auricular 
fibrillation has been chronic, and if it does succeed, the arrhythmia is apt to recur 
during the operation or shortly thereafter. One might just as well continue on 
digitalis therapy, keeping the ventricular rate at an appropriately slow level. 
The next question is whether to try, with the preoperative administration of 
quinidine, to prevent auricular fibrillation from developing as the result of the 
operation. The matter is debatable, for in the doses that might be required, 
untoward side effects would not be infrequent. There may be some justification 
for giving quinidine prophylactically in those patients who are known to have had 
transient auricular fibrillation in the past. When the arrhythmia is precipitated 
by the operation, there is justification for giving quinidine during the postopera- 
tive period, because of the likelihood that regularization can be obtained. How- 
ever, in those who had chronic fibrillation before surgery, it is optional whether 
quinidine therapy should be attempted during the immediate postoperative 
convalescence or postponed for a few months. There are instances in which 
quinidine fails two weeks after satisfactory mitral valvuloplasty and succeeds 
even with lower doses a few months later. 


ATTACKS OF PULMONARY EDEMA OR HEMOPTYSIS 


There is a suggestive pattern among the cases of mitral stenosis that are 
prone to have recurrent attacks of pulmonary edema or hemoptysis. More 
often than not, the rhythm is apt to be regular, and the heart is only slightly 
enlarged or not more than moderately so, although the pulmonary artery may 
be quite prominent. Right-sided heart failure with enlarged liver and peripheral 
edema are striking by their absence. In some cases these features, no doubt, 
were present at the time when attacks of pulmonary edema and hemoptysis 
were occurring, but the patient carried on long beyond this and came to surgery 
when a more advanced stage had developed and the clinical features had changed. 

There were 17 patients in this study who had attacks of pulmonary edema, 
5 who had hemoptysis, and 9 who had both. Of 25 patients who had pulmonary 
edema in their past history, 12 had electrocardiographic evidence of right ventric- 
ular hypertrophy, 4 had combined ventricular hypertrophy, 8 had no ventricular 
hypertrophy, and 1 had a normal electrocardiogram. Among the 45 remaining 
patients, 23 had right ventricular hypertrophy, 10 had combined ventricular 
hypertrophy, 11 had no ventricular hypertrophy, and 1 had isolated left ventric- 
ular hypertrophy. It can be seen that there was no difference in the incidence of 
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right ventricular hypertrophy whether there was a history of acute pulmonary 
edema or not. It is of interest that among these 31 patients with pulmonary 
edema or hemoptysis, 17 had a normal sinus rhythm at the time of the operation 
and 14 had auricular fibrillation. Among the former there were some who had 
had transient bouts of auricular fibrillation, while among the latter there were at 
least 2 who were known to have regular rhythm until a very short time before 
the operations. A more detailed analysis of the type of rhythm that prevailed 
at the time when hemoptysis or pulmonary edema was occurring revealed that 23 
(74 per cent) had a normal sinus rhythm at that time, and that only 8 (26 per cent) 
had auricular fibrillation. This proportion is in striking contrast to the findings 
in the other patients in this study, i.e., among the remaining 40, 8 (20 per cent) 
had normal sinus rhythms and 32 (80 per cent) had auricular fibrillation. 


The clinical results obtained in this group of patients are, on a whole, quite 
satisfactory. Of the 31 patients, only 1 operative death occurred and only 1 
patient died during the follow-up period. The degree of improvement among the 
survivors was 2.7, which is better than that in the remaining 40 patients who did 
not have hemoptysis or pulmonary edema. In the latter group the degree of 
improvement was calculated to be 2.1. Furthermore, in this latter group there 
were 5 operative deaths, and 4 additional deaths in the follow-up period. 

There are some points of clinical interest in relation to this particular topic. 
Attacks of acute pulmonary edema in mitral stenosis do not appear to be so 
ominous as similar episodes observed in hypertension, aortic or coronary artery 
disease. There were quite a few instances in which attacks of pulmonary edema 
kept recurring over the course of many years. One striking instance which may 
be cited by way of illustration is that of a young woman who had had a great 
many attacks of pulmonary edema requiring morphine hypodermically over the 
course of 16 years. These attacks were precipitated by hurrying, dancing, coitus, 
alcoholic drinks, etc. She would show a regular cardiac rhythm and generalized 
rales during these spells, but after a prompt recovery, and in the intervals, the 
lungs were clear. She would then have very little dyspnea, and the vital capacity 
of the lungs would always return to a high level of 3,000 c.c. Throughout these 
many years she always had had a normal sinus rhythm. Only several weeks 
before her operation did auricular fibrillation appear. 

One is not likely to see patients do so well, and for so long a time, after 
having had acute pulmonary edema while suffering from other forms of heart 
disease. There was another type of patient in which sudden attacks of dyspnea 
or pulmonary edema occurred as the direct result of the onset of auricular fibril- 
lation. If this arrhythmia is paroxysmal, it may account for recurring attacks 
of pulmonary edema. In fact, when auricular fibrillation becomes permanent, 
paroxysmal dyspnea is not so likely to develop, especially if gross right-sided 
failure intervenes. Such patients may become increasingly breathless on effort, 
but the paroxysmal component disappears or becomes less prominent. 

In discussing hemoptysis there is some confusion that cannot be easily 
clarified. The main interest here was in those patients who had brisk hemopty- 
sis rather than slightly bloody sputum. The latter can come from general passive 
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congestion or pulmonary infarction. The former occurs from a different mech- 
anism and resembles, in some respects, an epistaxis. Such brisk hemoptysis 
may result from dilated bronchial veins which develop in cases of mitral stenosis. 
In making this study, one often depended on the past history, as obtained 
from the patient, for information concerning the type of hemoptysis that had 
been experienced. Obviously, this approach involves some error. It would 
appear, however, that the general statements made above concerning the patients 
who had attacks of acute pulmonary edema were equally true of those who 


had bouts of hemoptysis. 


EMBOLI 


It is difficult to obtain exact information as to the total occurrence of emboli 
in these cases. In most instances we depended on the past history as given by 
the patient. No doubt, many emboli were overlooked either by the patient or by 
the attending physician, and some may well have occurred that could not possibly 
have been recognized. With this limitation it was estimated that 16 different 
patients had had emboli before the operation, 6 of whom had had more than one 
embolus, either arterial or pulmonary. There was a total number of 26 emboli 
among these 16 patients. This is, no doubt, a minimum figure. Ten of these 
were cerebral, 8 pulmonary, 2 renal, 2 splenic, and 4 in the limbs. Among the 
16 patients, 3 had only pulmonary emboli, while the others had arterial emboli. 
Our main interest was in arterial emboli, since, undoubtedly, these must have 
arisen from the heart, whereas pulmonary emboli, even in cardiacs, more fre- 
quently than not come from venous thrombi in the legs. From a clinical point of 
view, cerebral emboli are the most important, because they are the most disastrous 
in their effects. Splenic infarction rarely is of any ultimate consequence; the 
same is true of renal embolus, except for the rare instance in which hypertension 
results from unilateral kidney ischemia (Goldblatt mechanism). Embolism to the 
upper extremity almost never becomes a surgical problem; embolism to the legs, 
however, not infrequently is a matter of great concern. There are instances in 
which prompt embolectomy is required in order to prevent gangrene and the loss 
of a limb. 

The most frequent, important, and disabling type of emboli in mitral stenosis 
is the cerebral. This often occurs in mitral cases at a time when there is compara- 
tively little other disability, when breathlessness is at a minimum and when the 
patient is fairly active physically and has a sense of well being. In other words, 
a. cerebral embolus causing permanent, partial, or complete paralysis of one side 
of the body often occurs unexpectedly when the patient is doing well. In con- 
trast, it appears to occur much more rarely during the later years of chronic 
progressive congestive failure with marked dyspnea, orthopnea, pitting edema, 
engorged liver, and long-standing auricular fibrillation. 

A study of the 16 patients throws light on this relationship. It is of interest 
that 15 of these had permanent auricular fibrillation, while 1 had repeated 
transient bouts of this irregularity. This latter case is of particular interest 
because on several occasions cerebral emboli occurred a day or two after a bout 
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of auricular fibrillation had ceased. It would appear that emboli are most likely 
to become dislodged shortly after a thrombus has formed in the left auricle. 
Furthermore, an embolus is also more likely to occur soon after auricular 
fibrillation first appears, and can be abruptly dislodged after a previously fibril- 
lating auricle begins contracting normally again. The practical conclusion from 
the foregoing observations is that anticoagulant therapy might well be employed 
as a prophylactic measure against embolism, for some days or a few weeks, 
directly after the onset of auricular fibrillation in cases of mitral stenosis. 


In the 8 patients who developed cerebral emboli, the complication occurred 
within a few days after the onset of auricular fibrillation. In 5 of these the time 
relationship was quite accurately known, and in the others it was probable. 
It is remarkable that there was no instance in which a cerebral embolus developed 
years after the onset of permanent auricular fibrillation; this undoubtedly occurs 
and would be found in a larger series of patients, although it is comparatively 
uncommon. If this reasoning is correct, it explains the decreasing incidence of 
cerebral emboli in mitral stenosis in the natural course of the disease during the 
years following the onset of auricular fibrillation. This decrease needs to be 
considered when analyzing the occurrence of cerebral emboli during the years 
following mitral valvuloplasty. Although there has been a sharp, apparent de- 
crease in such cerebral complications during the years following mitral surgery, 
as compared to the incidence before the operation,® the decrease is to some ex- 
tent more apparent than real, for during those years the incidence of arterial 
emboli becomes progressively less without surgery. 

One might ask what clinical results are to be expected from mitral surgery 
in the group which previously had had emboli. It would appear from this 
small series that the immediate operative risk is slightly greater, but that the 
ultimate improvement in the cardiac status is about the same as that in those 
patients who had not had emboli previously. Among the 16 patients operated 
upon who had had emboli, 3 died during or shortly after the operation and 1 
died during the follow-up period. The average degree of improvement in the 
12 survivors was 2.0, as compared to 2.4 in those who had had no emboli pre- 
viously. There is, therefore, only a slight difference in the expected improvement 
from surgery in the two groups. There is the rare possibility of permanent mental 
impairment after a cerebral embolus. This occurred as a result of surgery 
in one case in this series. What is of greater importance is that there was no in- 
stance of cerebral embolism in any of the patients during the entire follow-up 
period after they had left the hospital, i.e., 2,436 patient years. 


CONGESTIVE FAILURE 


It is obvious that those patients who had objective evidence of congestive 
heart failure were, as a group, sicker than those who did not. Patients who had 
an engorged liver were almost invariably in Group III or IV severity. The 
immediate operative mortality was greater in the sicker individuals, but it is of 
interest that among those who recovered, the degree of improvement was about the 
same whether they did or did not have objective congestive failure. This does 
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not mean that the severer cases did as well after the operation as the mild ones; 
those who were very sick before operation would be regarded as obtaining marked 
improvement if their condition changed strikingly for the better, although, 
obviously, they were not as well at their best as were some of the milder cases who 


had improved on surgery. 


ELECTROCARDIOGRAMS 


An analysis was made of the electrocardiographic findings obtained a short 
while prior to surgery. Of 70 patients in whom this information was available, 
35 had right ventricular hypertrophy (RVH), 14 showed combined ventricular 
hypertrophy (CVH); 18 had no ventricular hypertrophy; 1 had left ventricular 
hypertrophy (LVH); and 2 had electrocardiographic findings within normal 
limits.* It was of interest to correlate the electrocardiographic findings with 
the degree of stenosis found by the surgeon during his exploration. In the 35 
patients with RVH the average degree of stenosis was 2.9 (“‘tight’’ stenosis). 
In the 18 patients with no electrocardiographic evidence of ventricular hyper- 
trophy, it was calculated to be 2.9, and in the 14 patients with combined ventric- 
ular hypertrophy, it was 2.7 (‘“‘moderate”’ to “‘tight’’ stenosis). There apparently 
was a similarity in valve size irrespective of the electrocardiographic findings. 

There was likewise a lack of correlation between the electrocardiographic 
findings and the ultimate clinical improvement. In 24 patients with RVH 
the average improvement was 2.1 (moderately improved). In the 14 patients 
with combined ventricular hypertrophy the average improvement was 2.3, 
and in the 18 patients with no ventricular hypertrophy it was 2.2. It seems, 
therefore, that there was no difference in improvement between those who had 
RVH and those who had the additional LVH. Among the patients who were 
classified as showing no ventricular hypertrophy there could very well have been 
a number of cases with combined ventricular hypertrophy in which the electro- 
cardiographic signs of either hypertrophy masked the other. So long as the 
electrocardiograms showed evidence of right ventricular hypertrophy, no matter 
if LVH was found also, the ultimate result was good. To be sure, the results 
were satisfactory because these cases included only one that showed preponderant 
left ventricular hypertrophy. Such cases did not appear in this series because 
they would not have been regarded as suitable for mitral surgery. They would 
have shown evidence of too much aortic valvular disease or of mitral insufficiency 
or other causes of left ventricular hypertrophy. 

In the 35 patients with RVH the average systolic blood pressure was 129.4 
mm. Hg; in the 14 patients with combined ventricular hypertrophy it was 128.6 
mm. Hg; in the 18 patients with no electrocardiographic signs of ventricular 
hypertrophy it was 129.2 mm. Hg. The blood pressure was obviously the same 
irrespective of the electrocardiographic evidence of right or left ventricular hyper- 
trophy. In all but 3 of the patients who had a normal sinus rhythm, the electro- 


cardiograms showed a ‘‘P”’ mitrale. 


*Criteria for ventricular hypertrophy in the electrocardiograms are those of S. A. Levine.” 
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X-RAY 


Information concerning x-ray examination of the heart before the operation 
was available in 65 patients of this series. The transverse diameter of the 
heart and the size of the pulmonary artery were estimated. The former was 
calculated as percentage increase in the size of the heart as compared to the 
normal standards determined from the height and weight of the individual. 
The terms “‘slight’’ (up to+15 per cent, “‘moderate’’ (15 to 35 per cent), ‘‘marked”’ 
(35 to 75 per cent), and ‘‘extreme enlargement”’ (over +75 per cent) were used. 
Similar terminology was employed in designating the enlargement of the pulmo- 
nary artery. 

The average enlargement of the transverse diameter of the heart in the 65 
patients was 28.1 percent. For the 10 patients in Group 1 (slight enlargement) 
the clinical postoperative result was 2.4. For the 29 patients in Group 2 (moder- 
ate enlargement) the result was 2.3, and for the 14 patients in Groups 3 and 
4 it was 2.1. The average blood pressure in these groups was about the same. 
It is evident that the clinical improvement to be expected from mitral surgery 
varied only very slightly in favor of those patients with a smaller heart. This 
was true in these cases because of the proper selection of patients. In general, the 
larger the heart the poorer the prognosis. Many patients with very large hearts, 
who would very likely do poorly, had already been eliminated because they ob- 
viously had primary mitral insufficiency or an accompanying aortic insufficiency, 
or some other factor that would militate against obtaining a satisfactory result 
from mitral surgery. 

The average enlargement of the heart among 25 patients who had a past 
history of acute pulmonary edema was +25.6 per cent, as compared to +29.5 
per cent in the remainder. The former seemed to have a slightly smaller heart. 
It is also of interest, and not surprising, that the larger hearts had a louder sys- 
tolic murmur than the smaller, the averages being a grade of 1.7 for Groups 3 and 
4 enlargement and a grade of 0.8 for the Groups 1 and 2 enlargement. 

The average enlargement of the pulmonary artery was designated as 1.9 
(moderate). The size in the 9 patients with a “‘very tight’ mitral stenosis was 
2.3, while the size in the 10 patients with a ‘“‘moderately tight’’ stenosis was 1.7. 
This would indicate quite clearly that the larger pulmonary arteries were as- 
sociated with a higher degree of mitral stenosis. On the contrary, the pulmonary 
artery tended to be slightly smaller in those patients with a past history of acute 
pulmonary edema than in those without such a history. The average size in 24 
patients with a history of acute pulmonary edema was 1.7, while the figure for 
the other 43 patients was 2.0. 

A comparison was made between the size of the mitral valve as estimated 
by the surgeon at the time of the operation and the x-ray size of the heart. 
In 8 patients with ‘“‘very tight’’ valves the average heart size was + 28.4 per cent, 
for 43 patients with ‘‘tight’’ valves it was +29.2 per cent, for 10 patients with 
“moderately tight’’ valves it was +20.2 per cent, and for the 3 patients with 
predominant mitral insufficiency and minor stenosis it was +67 per cent. Al- 
though it is well known that those with predominant mitral insufficiency have 
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very large hearts, it was of interest that those with only moderate stenosis should 
have smaller hearts than those with very tight stenosis. 


AGE FACTOR: OVER AND UNDER 50 YEARS 


The physician may be reluctant to advise mitral operations in elderly pa- 
tients. It was of interest, therefore, to compare some of the preoperative clinical 
features, such as the valve size found at operation and the clinical result achieved, 
in patients who were over 50 years of age with those in patients who were under 
50 years of age at the time of the operation. Out of a total of 71 patients, 9 were 
over, and 62 were under, 50 years of age. 

The average blood pressure in those over 50 years old was 143/89 mm. Hg; 
and in the younger age group it was 127/82 mm. Hg. In the older age group, 4 
of the 9 had objective evidence of congestive heart failure. In the younger group, 
24 out of 62 had objective evidence of congestive heart failure. In the older 
group, 8 out of 9 had auricular fibrillation, while in the younger group, 38 out 
of 62 had auricular fibrillation. 

The electrocardiograms of the 9 older patients showed right ventricular 
hypertrophy in 6, combined ventricular hypertrophy in none, no ventricular 
hypertrophy in 2, and isolated left ventricular hypertrophy in 1. Among the 61 
patients under 50 years of age there were 29 with right ventricular hypertrophy, 
14 with combined ventricular hypertrophy, 17 with no ventricular hypertrophy, 
and 1 with a normal electrocardiogram. 

The degree of stenosis found by the surgeon during the operation in the two 
age groups was as follows: among the 9 patients over 50 years, “very tight’”’ 
stenosis was found in rone, ‘‘tight’”’ stenosis in 8, ‘‘moderately tight’’ stenosis 
in 1, and in no case was the valve found to be mainly regurgitant. The average 
degree of stenosis for this group was 2.9. Among the 62 patients of the younger 
age group, a “‘very tight’’ mitral stenosis was found in 11, a “‘tight’”’ stenosis 
in 35, a ‘“‘moderately tight’’ stenosis in 10, and only minor stenosis in 4. The 
average degree of stenosis in this group was 2.8. Of the 9 older patients, 2 died 
during or immediately after the operation; the average degree of improvement in 
the 7 survivors was 1.3. Of the 62 patients in the younger group, 4 died at or 
immediately following the operation. The average degree of improvement among 
the survivors was 2.3. From this analysis it seems that the only difference in the 
preoperative status of the two groups was the older group’s higher average blood 
pressure (probably a late development in the natural history of the disease), 
higher incidence of auricular fibrillation (again a consequence of the longer dura- 
tion of their mitral disease), and slightly greater general clinical disability. The 
degree of stenosis found at operation did not differ significantly in the two groups, 
except that “very tight’’ stenosis was not present in the 9 older patients. The 
operative mortality was probably higher in the older age group, and the degree 
of benefit obtained from the operation seems to have been less in the older than in 
the younger group. 

Another analysis of the age factor in these cases was made. The average 
age of those 7 patients who improved the most (grade 4) was 36.7 years; for the 
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24 with grade 3 improvement it was 41.4 years; and for the 12 with grade 2 
improvement it was 44.3 years. There was, therefore, a steady increase in the 
average age as the results from surgery worsened. Although the older patients 
did not do quite so well as the younger ones, it does not follow that age per se 
was the cause of the deterioration of their chances. The older patient may well 
have had slightly more congestive failure, or slightly larger hearts, or poorer 
coronary arteries. It is evident that age is only a slight factor, for satisfactory 
results are frequent in patients over 50 years of age. 


PREOPERATIVE DEGREE OF STENOSIS (VALVE SIZE) AND POSTOPERATIVE CLINICAL 
RESULTS 


The primary aim of mitral valvuloplasty is to relieve the obstruction to the 
diastolic filling of the left ventricle produced by a stenosed mitral valve. The 
more stenosed, the greater will be the relative relief by successful surgery and, 
therefore, the better the clinical result. It is obvious that many other factors, 
favorable and unfavorable, such as sex, age, presence or absence of other valvular 
lesions, will influence the ultimate outcome. Nevertheless, if it is correct that 
the main benefit from mitral surgery is the consequence of a mechanical relief 
of stenosis, then a correlation between preoperative valve size and postoperative 
improvement should be found. This proved to be so in this series of cases. 

In 9 patients in whom the surgeon found a mitral valve to be “‘very tightly” 
stenosed, the average postoperative improvement was 3.3 (marked to excellent 
improvement); in 34 patients in whom the valve at operation was considered as 
“tight” stenosis, the average postoperative improvement was 2.4. In the 12 
patients with a ‘‘moderately tight’’ stenosis, the improvement averaged 1.2, 
and finally in the 4 patients in whom at operation mitral regurgitation was found 
to be predominant and mitral stenosis only slight, the average improvement was 
calculated at 0. 

It follows that the tighter the stenosis, the better the result that can be 
expected. Therefore, preoperative estimation of the tightness of the stenosis will 
be a most important factor to be assessed when mitral surgery is comtemplated. 
The preoperative degree of clinical severity of these four groups of cases of mitral 
stenosis was much the same, i.e., 2.6 for the ‘“‘very tight’’ and 3.0 for the other 
three groups. It follows that the tightest cases did best not because they were 
milder or more severe to begin with, but because they were mechanically more 
stenosed. 

The Surgeon's Estimate of Expected Operative Success——It was of- interest 
to compare the impression that the surgeon had at the time of the operation as 
to how complete a valvuloplasty he achieved, with the actual clinical result 
observed in these patients during the follow-up period. The surgeon’s impression 
of the completeness of the operation was judged in the following manner, ac- 
cording to his own description in the operative protocol: What the surgeon con- 
sidered to be a ‘‘fair’’ result was called grade 1; a “‘good” result, grade 2; a ‘‘very 
good”’ result, grade 3; and an “‘excellent”’ valvuloplasty, grade 4. 

Of the 4 patients whom the surgeon considered to have had a ‘‘fair’’ valvulo- 


# 
4 
i 
i 
w 
M 
; 
3 
4 
3 
i 
3 


840 RISS AND LEVINE 


plasty 1 died shortly following the operation; and in the 3 survivors the average 
clinical result was calculated to be 0. Of the 11 patients who were thought to 
have had a “‘good”’ valvuloplasty, 1 died following the operation, and the average 
clinical result of the 10 survivors was 2.6, i.e., moderate to marked improvement. 
Of the 22 patients who were thought to have had a ‘“‘very good”’ valvuloplasty 
2 died in the postoperative period, and in the 20 survivors the average clinical 
result was 2.5, i.e., moderate to marked improvement. Of the 17 patients who 
were considered by the surgeon to have had an ‘‘excellent’’ valvuioplasty none 
died in the postoperative period, and the average clinical improvement was 2.8. 


It seems from the foregoing that the surgeon predicted fairly well when the 
result was not going to be satisfactory. However, in the others he could not 
foretell whether the degree of improvement would be only moderate or very 
great. It must be appreciated that when the surgeon estimates the size of the 
mitral valve to be 3 or 4cm., after the operation, he does so by pushing his fingers 
through the valve. It is very doubtful that the valves open as readily or to as 
wide a degree when the leaflets move merely as a result of differences of pressure 
in the left auricle and ventricle. The force of the fingers is likely to be much 
greater than that of auricular systole or pressure. Furthermore, it is idle for the 
surgeon to maintain after an operation that ‘“‘there is no longer any mitral steno- 
sis,’ for the very signs on which the original diagnosis of mitral stenosis was 
correctly made persist after ‘‘excellent’’ repair of the valve is accomplished. 
Undoubtedly, the constriction of the valve is lessened, but it is rarely if ever 
entirely relieved. 


DISCUSSION 


Although in the large majority of cases the diagnosis of mitral stenosis can 
be made quite readily from simple auscultation, there are some, mainly those 
that show no apical diastolic or presystolic murmur whatsoever, in which the 
diagnosis may be quite difficult. There are then many clues and combinations 
of findings that form the basis on which the diagnosis will have to rest. Most of 
these points individually are not diagnostic; the final decision, therefore, will 
have to rest on the judgement and experience of the observer. The most im- 
portant of the clues is the detection of a calcified mitral valve on fluoroscopic 
examination. This is practically pathognomonic when it can be differentiated 
from a calcified mitral annulus, for the latter is generally accompanied by no 
mitral stenosis. Other clinical features supporting the diagnosis of mitral stenosis 
are: an opening snap, accentuated first sound, accentuated and reduplicated 
pulmonary second sound, enlarged left atrium, pulmonary artery or right ventricle 
on x-ray examination, right ventricular hypertrophy or P-mitrale in the electro- 
cardiograms, past history of rheumatic fever, auricular fibrillation, increased 
Q-M,; interval and short S:-OS interval.* This evidence can be obtained either 
by simple auscultation or by the use of apparatus that is readily available. 


*The Q-M;, interval is the time between the Q wave in the electrocardiogram and the first heart 
sound in the phonocardiogram. The S2-OS interval is the time between the second heart sound and the 
opening snap. 


+ 
} 
§ 


ane CLINICAL NOTES ON MITRAL VALVULAR DISEASE. PART II 841 


Yet, there will remain instances in which the diagnosis will be obscure. Cathe- 
terization studies of the left and the right side of the heart may become necessary 
in order to determine either the presence or the degree of mitral stenosis. Even 
such studies can leave one in doubt. The finding of an increased “‘wedge pressure,” 
or better still an appreciable gradient in the diastolic pressure between the left 
atrium and the left ventricle, will help in the diagnosis. Finally, angiocardio- 
graphic visualization of the chambers of the heart, when expertly carried out, 
may be diagnostic. 

It becomes clear from this study that in most cases a definite diagnosis 
of mitral stenosis can be made with the expectation of finding sufficient con- 
striction of the valve to make surgery worth while. There will also be a group in 
which the diagnosis of primary mitral insufficiency will be made, but in which no 
significant stenosis will be present. In such cases surgery will be indicated only 
if the operative approach to mitral insufficiency becomes a satisfactory pro- 
cedure. These latter cases will often show very large hearts with huge left auricles, 
left ventricular hypertrophy, and other evidence of mitral valvular disease, even 
including the diastolic murmur and thrill of the type seen in well-marked mitral 
stenosis. However, there will remain a small group in which the exact degree of 
mitral stenosis will be uncertain. There will be no doubt that the mitral valve 
is diseased, but the relative degree of insufficiency and constriction of the valve 
will be puzzling. It is not at present certain whether left heart catheterization 
or angiocardiography will be sufficiently worth while diagnostically to warrant 
the discomfort and the slight risk involved in these procedures. In such cases an 
exploratory operation of the heart might well be indicated, just as similar ex- 
ploratory operations are performed in other parts of the body when diagnosis 
is difficult. 

A review of the operative results obtained in the 71 mitral cases in this 
study adds further evidence that surgery can now be carried out with a reasonably 
low risk and with the expectation of considerable improvement in the health 
of most patients. We also feel that the improvement that is obtained can be 
ascribed, for the most part, to the actual operation and not to better medical 
care or to psychologic factors. This does not preclude the latter from playing a 
definite, but minor, role in some cases. 

In the selection of cases an accurate diagnosis of mitral valvular disease is 
of first importance. Secondly, one would like to be sure that sufficient valvular 
stenosis will be found, i.e., a valve less than 1.5 sq. cm., and preferably less than 
1.0 sq. cm. In some cases with only slight or moderate stenosis and.a history 
of arterial emboli, the operation might yet serve a useful purpose in diminishing 
the future likelihood of disabling peripheral emboli. This beneficial result might 
follow the simple amputation of the auricular appendage, whenever the latter 
contains the only site of mural thrombosis. At present one would prefer to choose 
those mitral cases that have little if any additional valvular disease. However, 
the presence of aortic or tricuspid disease by no means prohibits surgery. There 
are many instances in which it is evident that although other valvular defects are 
present, the stenosed mitral valve is mainly responsible for the symptoms. 
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In other cases the surgeon will be able to operate on the aortic valve at the same 
time as on the mitral valve. In fact, there have been rare instances (not carried 
out in this series) when the surgeon was daring enough to attack the mitral, 
aortic, and tricuspid valves during the same operation. 

There are other factors to be considered in the selection of cases. One 
obviously would delay operation if the patient were suffering from bacterial 
endocarditis. The same is true if active rheumatic fever or active rheumatic 
carditis were present. There are times, however, when it is difficult or im- 
possible to be sure about the presence of a smouldering rheumatic state. One 
would prefer to await the disappearance of fever, leukocytosis, increased sedi- 
mentation rate, and other signs that point to continued infection. Whenever 
any of these features were present, we still permitted operation if the patient 
felt fairly well, was eating satisfactorily, and appeared to be in a status quo. 
There were instances in which operation was performed with gratifying results 
while a temperature of 100 to 101° F. was still continuing. Such apparently 
ill-advised hastiness was resorted to because of economic reasons and, partly, 
because it seemed that more was to be gained by operation than by further 
prolonged waiting. These are difficult decisions, for our views as to the meaning 
of “rheumatic activity,” the significance of Aschoff nodules, and the clinical 
importance to be placed on this or that sign are all quite vague. The general 
appearance of the patient probably remains as good a guide as any. 

One would hesitate to select a patient who has obvious coronary artery 
‘disease, especially if it appears that on that basis alone the outlook is not 
promising. Not only would the immediate risk from surgery be great, but the 
postoperative life expectancy would probably to too short to warrant the risk. 
Whereas several years ago patients over 50 year of age were regarded as too old, 
the operative mortality since then has so decreased that now even cases over 
60 years of age are occasionally regarded as suitable for surgery. 

Major cardiac surgery is still much too risky to recommend as a purely 
prophylactic procedure in patients with well-compensated mitral stenosis. There 
are many such patients who live an essentially normal life for a great many years. 
A women’s champion long-distance swimmer was found to have classical mitral 
stenosis, but she could swim 20 miles without difficulty. One of us has been 
following a patient who has had definite mitral stenosis of 38 years’ duration. 
This patient is now about 55 years old and is leading a normal life. Another 
patient, a school janitor, showed definite evidence of mitral stenosis and auricular 
fibrillation at the age of 50 years. Twenty-one years later he was still well and 
working, climbing stairs, had no signs of congestive failure, and showed the same 
evidence of mitral stenosis, auricular fibrillation, and a slow ventricular rate. 
Although most cases do not progress so favorably as these, it would have been 
unwise to subject such individuals to what would have proved to be an unneces- 
sary surgical operation. 

A logical inference from the foregoing is that obvious evidence of downward 
progress is one of the best criteria for the selection of patients for mitral surgery. 
On following a patient who is doing well or well enough, is able to work and enjoy 
moderate things in life, and is not losing ground, one would be justified in continu- 
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ing a conservative course of so-called medical management. When and if definite 
evidence appears that ground is being lost, when there is increasing dyspnea, 
the vital capacity of the lungs is diminishing, or other clinical clues appear that 
indicate a loss of cardiac reserve, surgery becomes indicated. In other words, 
one is justified in letting well enough alone when the situation is satisfactory and 
compatible with the enjoyment of a useful life, but surgical intervention is 
desirable when deterioration sets in. The exact point at which drastic action 
is advisable is often an individual matter, depending on many factors, medical, 
economic, and social, and at times will be judged differently by various competent 
physicians. 


S JMMARY 


Seventy-two patients subjected to mitral valvuloplasty were studied. 
They were all personally examined before and after operation. An analysis 
was made of the clinical features that might serve as a guide to the severity 
of the condition, the risk of the operation, and the degree of improvement to 
be expected. 

There were 61 females and 11 males (ranging in age from 27 to 62 years). 
The average age at the time of the operation was 44 years. There were 6 surgical 
deaths, 1 in the operating room and 5 during the immediate postoperative 
days. During more recent years the operative mortality in Group III cases 
has fallen to about 1 per cent. There were 5 fatalities during the follow-up 
period, with an average survival of 36 months. The average follow-up period 
of the living patients was 42 months. The patients were divided preoperatively 
into four groups: Group I (symptomless), no patients; Group II (slight limita- 
tion), 19 patients; Group III (significant symptoms on slight effort), 41 patients; 
Group IV (seriously ill with irreversible failure), 11 patients. The average dis- 
ability of the entire group was 2.9. The figures were 3.2 for those who died 
during the operation and 3.3 for those who died during the follow-up period. 

The postoperative clinical results were designated as: worse, unchanged, 
improvement (1) slight, (2) moderate, (3) good, and (4) excellent. Among the 
58 patients who survived, and for whom results were known, 3 were worse, 5 
were unchanged, and 7 had grade 1 improvement, 12 grade 2, 24 grade 3, and 7 
grade 4. 

The degree of postoperative improvement declined somewhat with in- 
creasing blood pressure. The degree of stenosis was less among the hyper- 
tensive patients. In fact, no hypertensive patient had a ‘‘very tight’’ stenosis. 

Although a murmur in diastole at the apex is the most useful diagnostic 
sign of mitral stenosis, its intensity is only a fair guide to the degree of stenosis. 
Very tight stenosis was found with faint diastolic murmurs, and very slight 
stenosis with loud ones. Although the louder apical systolic murmurs generally 
signified more mitral regurgitation and a less favorable result from surgery, 
there were 6 exceptions. In these 6 cases, although the apical systolic murmur 
was loud or louder than the diastolic, there was a high degree of mitral stenosis. 
In the selection of patients for surgery, basal murmurs can be dismissed, for the 
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most part, if there is electrocardiographic evidence of right ventricular 
hypertrophy. 

An accentuated apical first sound was found to be fairly good evidence of 
mitral stenosis but was also present with predominant mitral regurgitation. 

When the mitral valve was found to be calcified, the average intensity 
of the first heart sound was less, and the immediate risk of operation slightly 
greater, and the ultimate result was not quite so good as when the valve was 
not calcified. 

Those patients who had attacks of acute pulmonary edema or hemoptysis, 
or both, comprised a fairly distinct group. They generally showed a normal 
sinus rhythm, did not have great cardiac enlargement, had little if any evidence 
of right heart failure, and did very well both during the operation and in the 
follow-up period. 

Among 71 patients, 46 had auricular fibrillation at the time of operation. 
Of the 25 with a normal sinus rhythm, 8 developed auricular fibrillation during 
or shortly after the operation. It did not appear worth while to try regularization 
with quinidine before the operation or to use it after the operation in those who 
had had persistent fibrillation. Quinidine was helpful in some who developed 
the arrhythmia during or after the operation. 

The occurrence of previous arterial emboli made the operative risk slightly 
greater and the ultimate result slightly less favorable. However, operation 
_ appeared to lessen the likelihood of future cerebral emboli. Of the 16 patients 
who had previous emboli, 15 had chronic auricular fibrillation, while 1 had only 
transient bouts of the arrhythmia. None developed cerebral emboli during the 
follow-up period. 

The presence or absence of right ventricular hypertrophy in the electro- 
cardiograms did not aid in predicting how tight the mitral valve would be nor 
how well the patient would do postoperatively. However, the clinical results 
were good if the tracing showed right ventricular hypertrophy, even if left 
ventricular hypertrophy was also present. The presence of left ventricular 
hypertrophy alone would militate against an expected favorable operative result. 

The average increase in the transverse diameter of the heart on x-ray ex- 
amination was 28.1 per cent. The degree of improvement was not much different 
in those with greater enlargement than in those with less enlargement, although 
the larger hearts were found in those who were more gravely ill. Patients with 
huge hearts such as are seen with mitral insufficiency were, for the most part, 
not selected for surgery. Those with ‘‘very tight’? mitral stenosis had larger 
hearts (+28.4 per cent) than those with ‘moderately tight’’ valves (+20.2 
per cent). The size of the pulmonary artery was greater in those with “very 
tight”’ than in those with ‘‘moderately tight’”’ valves. 

An analysis of the age factor indicated that older patients did not do quite 
so well as the younger patients. Factors other than age, however, such as greater 
frequency of congestion, auricular fibrillation, or cardiac enlargement and the 
complete absence of ‘‘very tight’’ valves in the older group, must play a role. 

A comparison of the valve size as found at operation and the postoperative 
clinical result clearly indicates that those with the tightest valves do best. 
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The surgeon’s prediction as to how much improvement would take place by 
the type of valvuloplasty he accomplished was only partly accurate. When he 
thought the operation was ‘‘excellent,’’ the results were the best, and when he 
thought it was only ‘‘fair,”’ the results were poor. However, when he thought 
it was “good” or ‘‘very good,”’ the results varied and were about the same in 
the two groups. 

At the present stage of mitral valve surgery, the physician’s goal is to 
select those cases that have the minimum degree of insufficiency and the greater 
degree of stenosis. The present experience affords convincing evidence that the 
mechanical factor of valvular defect is most important in causing the disability 
from rheumatic heart disease, a view that was belittled a few decades ago. 


The authors wish to express their indebtedness to Dr. James B. Dealy, Jr., Roentgenologist- 
in-Chief, Peter Bent Brigham Hospital, for his help in the x-ray analyses of these cases. 
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The Electrocardiogram in Scleroderma: 
Analysis of 60 Cases and Review of the Literature 


Jorge Escudero, M.D.,* and Ellen McDevitt, M.D., New York, N.Y. 


Since the paper of Weiss and associates! reporting 9 cases of scleroderma 
heart disease, other authors have described new cases, making mention of the 
electrocardiographic changes found in such patients. However, most of these 
reports concern a small number of cases, and the electrocardiograms are not 
discussed in detail.| Several electrocardiographic alterations have been de- 
scribed, all of them nonspecific. 

The purpose of this article is to report our experience with a larger series of 
patients, correlating the electrocardiograms with the clinical, physiopathologic, 
and morphologic findings. 


MATERIAL AND METHODS 


The charts of 60 patients with scleroderma were selected from the files of the New York 
Hospital, and divided into two groups. 

Group I included 31 patients with typical scleroderma of the skin, without clinical or radio- 
logic manifestations of visceral involvement. They included 23 white females and 8 white males, 
ranging in age from 14 to 68 years (mean 36 years). The development of the disease in these 
cases covered periods of between 1 month and 20 years (mean 6 years). 

Group II was composed of 29 patients with typical scleroderma of the skin, with visceral 
involvement, either heart, lungs, kidneys, or esophagus. There were 23 white females and 6 
white males, ranging in age from 27 to 73 years (mean 50.6 years). The duration of the disease 
in these cases ranged between 3 months and 27 years (mean 5.5 years). Seven of the 29 patients 
died and autopsy was performed. 

Patients with other diseases complicating scleroderma were not included in either group. 
Other factors with possible influence on the electrocardiogram were also taken into account, such 
as anemia, metabolic disturbances, or certain medication, especially digitalis. One or more elec- 
trocardiograms from each patient were studied for the determination of the rhythm, heart rate, 
P-R, QRS, and Q-T intervals, as well as for calculation of AQRS, AP, and AT in the frontal plane. 
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RESULTS 


In Group I (without apparent visceral involvement) the electrocardiogram 
was within normal limits in 23 of the 31 patients (74.2 per cent). Twelve of 
these 23 had isolated electrocardiographic alterations such as notching of the P 
wave or slurring of QRS on standard leads. However, in 8 patients (25.8 per 
cent) the electrocardiogram was definitely abnormal. 


TABLE I. ELECTROCARDIOGRAPHIC RESULTS 


GROUP I GROUP II 


PERCENTAGE PERCENTAGE 


Normal sinus 100 


Nodal. Wandering pacemaker 
and sinus arrest 


Idioventricular. Complete 
A-V block 


Ventricular 


Nodal 


Extrasystoles 
Multifocal (on digitalis) 


Short run of paroxysmal 
auricular tachycardia 


Prolonged (0.06 sec.) Q-T-MV* 


Notching of P wave on standard leads 


Slurring of QRS. No BBB 


Low voltage 


Incomplete bundle branch block 


Ventricular hypertrophy 


Auricular enlargement 


| Subepicardial 


Ischemia 
Subendocardial (or subepi- 
cardial hyperemia ?) 


n 


| 


Injury 
Subendocardial 2 


Subepicardial — | 
| 
| 


*Value of the Q-T interval in relationship with the Mean Value, in accordance with the Bazett's 
formula: Q-T = 0.39 V R-—R. 
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TABLE II. FINDINGS IN THE SEVEN AUTOPSIED CASES 


AGE | 
(YR.)| SEX 


| ‘TIME OF 


EVOLUTION AUTOPSY 


CASE ELECTROCARDIOGRAM 


| 2 yr. Heart 


failure: 
3 mo. 


| Scleroderma. Pericardial effusion 
(1,000 ¢.c.). Pleural effusion. 
Interstitial myocardial fibrosis. 
Numerous linear accumula- 
tions of collagenous tissue in 
the left auricle and ventricle. 
Kidneys: proliferation of the 
medium-sized vessels. Several 
small infarcts 


Nodal extrasystoles. Low 
voltage. Nonspecific auric- 
ular, ventricular, and 
perinodal alterations 


1, E.M. 
(H.R.: 628894) 


2. W.C. | 64 M | 3%yr. 
(H.R.: 611275) | 


IRBBB. Shift of AP and 
AQRS to the right in 3 yr. 
Auricular myocardial 
alterations 


Scleroderma. Pulmonary fibro- 
sis. Cardiomegaly. Slight 
myocardial fibrosis involving 
also the I-V septum. Endo- 
cardial thickening in the left 
auricle. Coronariés patent 


56 | F | Raynaud’sphe-| L.V.H. Low voltage. Dif- 


Scleroderma. L.V.H. Consider- 


(H.R.: 564888) 


4. JH. 
(HLR.: 659899) 


(H.R.: 738532) | 


nomenon 
since child- 
hood. 
General 
symptoms: 
1 yr. 


Heart fail- 
ure: 2 yr. 


7. RE. | 
(H.R.: 442800) | 


55 


fuse disturbance of the 
ventricular repolarization. 
Subepicardial ischemia. 
Auricular myocardial 
alterations 


ILBBB of first degree. 
Auricular myocardial 
alterations 


Abnormal ventricular repolar- 


ization: subendocardial 
ischemia or subepicardial 
hyperemia? Auricular 
myocardial alterations 


Wandering pacemaker. 
IRBBB. Right auricular 


enlargement (qR on Leads | 
Vi, V2). R.V.H. Anterior | 


|  subendocardial lesion. 

| Severe digitalis toxicity. 
| Compatible with 

| cor pulmonale 


able interstitial myocardial fi- 
brosis. Diffuse infiltration by 
polys in the anterior epicar- 
dium. Coronaries patent. No 
pericardial effusion. Kidneys: 
advanced proliferative endar- 
teritis. Numerous infarcts 


Scleroderma. Myocardial fibro- 
sis. Intimal thickening of small 
arteries. Coronaries patent. 
Kidneys: interstitial fibrosis in 
some smaller arteries. Lungs: 
slight fibrosis 

Scleroderma. Fibrinous peri- 
carditis, most marked over 
right auricle. L.V.H. Sub- 
endocardial petechial hemor- 
rhage. Thickening of the 
mitral valve. Kidneys: fibro- 
sis of small arteries. Acute 
necrotizing panarteritis and 
arteriolitis (?) with infarcts. 
Lungs: slight fibrosis 


Scleroderma. Cardiomegaly, es- 
pecially right chambers. Sub- 
endocardial ischemia. Coro- 
naries patent. Lungs: fibri- 
nous thickening of broncho- 
vascular walls. Chronic cor 
pulmonale 


| Complete A-V block with 
idioventricular rhythm. 
Auricular and ventricular 
| disturbances 


| 


Scleroderma. Calcification of 
the membranous interven- 
tricular septum. Fibrosis and 
disruption of the bundle of His. 
Sclerosis of small and medium 
arteries. Coronaries patent. 
Lungs: fibrosis and silicosis 
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In Group II (with visceral involvement by the disease) the electrocardio- 
gram was abnormal in 22 of the 29 patients (75.9 per cent). The remaining 7 
(24.1 per cent) had electrocardiograms within normal limits, although one of 
these had clinical and radiologic manifestations of heart involvement. On the 
other hand, 2 patients without clinical diagnosis of heart disease, presented 
abnormal electrocardiograms; one had incomplete right bundle branch block 
and subepicardial ischemia, and the other had evidence of left ventricular hyper- 
trophy. Complete results are shown in Tables I and II. 


-A-V BLOCK 


System -R.B.B-B. Disturbances |P WAVE 


Conducting -.8.8.8. Auricular NOTCHING — 


Pulmonary 
Localization 3 Myocardial 


A | Sclerosis 


Thickening of 
Skin or Pleura 


Pericarditis 


ISCHEMIA 


Fig. 1.—Schema showing the theoretical possibilities which may act on the ECG in case of systemic 
scleroderma. 


DISCUSSION 


Scleroderma can produce electrocardiographic alterations through the fol- 
lowing four major mechanisms: the heart involvement, the pulmonary pathologic 
changes, the disturbances of the conducting medium, and the renal involvement 
by the disease (Fig. 1). 

1. The Heart Involvuement.—Scleroderma can affect all structures of the 
heart, but the one which is more frequently and severely involved is the myo- 
cardium. Several findings have been described by pathologists: foci of fibrosis 
between apparently normal fibers, proliferation of the connective tissue with 
increased vascularization, or replacement of the normal muscular fibers, wide 
zones of fibrosis, occasionally transmural, from endocardium to epicardium. In 
the latter case the great reduction of functioning muscular units may produce a 
progressive diminution of the tracing voltage in directly proportional relationship 
to the amount of fibrosis. Actually, this has been the cause of low voltage in most 
of the cases reported in the literature.2-* This alteration was present in 12 of 
our 60 cases (20 per cent), 10 of them related to the myocardial damage alone. 
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In addition, it has been reported that there is some tendency of the electrical 
axis of QRS (AQRS) to shift to the left, in the manner frequently seen among 
patients with arteriosclerotic heart disease. In our series, only 2 patients of 
Group II with heart involvement alone had an AQRS situated to the left of 0°, 
and the total group failed to show significant deviation (Fig. 2). It is not rare 


— Group II - 


HEART INVOLVEMENT 
LUNG INVOLVEMENT 
BOTH 


+90 
A A A 
AP AQRS AT 


Fig. 2.—Situation of the electrical axis on the frontal plane in cases of heart or lung involvement, or 
both. There is no characteristic distribution. 


4 
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Fig. 3.—G. L. (H. R.: 666929). Lead V3. Note the deep, symmetrical, negative T waves, due to 
anteroseptal subepicardial ischemia. 


to find changes in the ventricular repolarization suggestive of injury or ischemia. 
Subepicardial ischemia, as evidenced by negative, symmetric T waves, has the 
highest incidence among the cases previously reported.'::? Our findings agree 
with these reports. Evidence of such disturbance was present in 5 patients 
(17.2 per cent), all of them in Group II (Fig. 3). In one of these there was also 
evidence of a depolarized zone, without clinical evidence of myocardial infarc- 
tion; unfortunately, this patient died at home and no autopsy was performed. 
Because of the lack of evidence of pericarditis in all these patients, and because 
of the patency of the coronary arteries in scleroderma, it is logical to attribute 
such subepicardial ischemia to the myocardial fibrosis per se, to the thick-walled 
arterioles, or to their narrowed lumen.® 
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Subendocardial ischemia is rarely seen in scleroderma, despite the fact that 
theoretically there is early fibrosis located in the endocardium, with an intra- 
myocardial pressure gradient. In one of our patients the diagnosis of either 
subendocardial ischemia or subepicardial hyperemia® was suspected because of 
the tall and peaked T waves on Leads Ds, D;, and precordial leads. At necropsy, 
however, there were pathologic alterations in both the subepicardial and suben- 
docardial areas. Fibrinous pericarditis as well as subendocardial petechial 
hemorrhages were found. Therefore, a definite explanation of the electrocardio- 
graphic findings could not be made. 


Fig. 4.—R. E. (H. R.: 442800). Lead D;. Complete A-V block with idioventricular rhythm; auricular 
rate 110, ventricular rate 37. 
Fig. 5.—Ch. B. (H. R.: 461347). Lead De. Note the notching of the P waves. Interval between 
peaks is 0.038 second. 
Fig. 6.—L. A. (H. R.: 7849). Lead Dy. Another case showing notched P waves. Peak interval is 
0.04 second. 


Subendocardial lesions (concave RS-T with downward deviation) are not 
infrequently seen in this disease, but in most instances they appear when digitalis 
has been administered. Such changes were present in 2 of our cases, both with 
digitalis toxicity. 

Subepicardial lesions (convex RS-T with upward deviation) were not present 
in any case. 

The electrical systole is sometimes altered, and there are a few reports of 
cases where the Q-T interval was slightly prolonged.!®" Only one patient in 
this series with subepicardial ischemia exhibited prolongation of Q-T. 
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The presence of various types of extrasystoles may occur in scleroderma 
when the patient is not receiving digitalis, and appears to be due to the myocardial 
impairment. We found this increase in the automatism of the heart in only 5 
patients without digitalis; 2 had ventricular premature contractions, 2 nodal, 
and the other presented a short run of auricular paroxysmal tachycardia. Ex- 
trasystoles were also present in another patient who had been taking the drug. 
Auricular fibrillation was not present in any case, although it has been described 
by other authors.'?:® "2 A frequent finding in scleroderma of the heart is a 
disturbance of the specific conducting system. A-V blocks of first degree,!:§1°:'3 
occasionally progressive,'® or complete A-V block with idioventricular rhythm" 
may be present. This latter disturbance was observed in a very interesting 
patient in Group II, who presented Stokes-Adams episodes, and who died sud- 
denly. The autopsy showed extensive calcification of the membranous inter- 
ventricular septum, with disruption and fibrosis of the bundle of His (Fig. 4). 


Bundle branch block* is often seen, either right *+ or left.1:7'°'® In our 
experience, incomplete right bundle branch block was almost twice as frequent 
as incomplete left bundle branch block and its incidence was higher among those 
patients in Group II (20.7 per cent as compared to 3.2 per cent in Group 1). The 
incidence of incomplete left bundle branch block was almost identical in both 
groups (6.4 per cent in Group I; 6.9 per cent in Group II). In Group I it was 
present in 2 patients. The first was a 46-year-old woman with a 10-year history 
of the disease. This patient was the same one who presented the ventricular 
extrasystoles. The other was a 43-year-old woman with a history of scleroderma 
of 5 years’ duration. Complete right or left bundle branch block was present 
in no instance. A focal peripheral block® could explain some nonspecific altera- 
tions of the QRS complex, such as slurring or notching. These abnormalities 
we found in 11.7 per cent of all patients, with a similar incidence in both groups. 


Myocardial fibrosis is often associated with ventricular hypertrophy,} es- 
pecially left ventricular hypertrophy such as that found in patients with arterio- 
sclerotic heart disease. Weinberg and associates® found left ventricular strain in 
23.1 per cent of their series. It was present in 10 patients in our Group II (34.5 
per cent) and in 1 patient in Group I (3.2 per cent). Of the 10 in Group II, only 
3 had hypertension, possibly secondary to renal involvement in some instances. 
In the remaining 7 patients the left ventricular hypertrophy seems to have been 
due to fibrosis alone. Three other patients with high blood pressure did not show 
electrocardiographic evidence of left ventricular hypertrophy. The only patient 


*The criteria used for the diagnosis were: IRBBB: ‘‘rsr’’ complex on Lead V;, with length of 
QRS < 0.11-0.12 sec., whether such morphology was due to “‘false’’ or real block. Other findings, if 
present, were also taken into account, such as slurring of S on Lead D;, AQRS deviated to the right, or 
secondary changes of ST-T. ILBBB: initial slurring of R wave on Leads D;)-V;-Vs. Absence of Q 
wave on the same leads. R wave small or absent on Lead V;. Length of QRS < 0.11-0.12 sec. Also 
considered were deviation of AQRS to the left and secondary changes of ST-T. 


¢Criteria for LVH were: left AQRS deviation, high voltage of QRS, deep S on Leads V}-V», tall 
R on Leads V;-Vs. Also considered, if present, were: QRS > 0.12 sec., (Ri + S3) — (Si: + Rs) > +17, 
intrinsicoid deflection > 0.045 sec. on Leads V;-V¢, secondary changes of ST-T. For RVH: right AQRS 
deviation, high R in proportion to S on Leads V:-V2, with persistent S on Leads V;-Vs. Secondarily 
considered were: QRS > 0.12 sec., intrinsicoid deflection > 0.035 sec. on Leads V})-V2, secondary 
changes of ST-T. 
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in Group I who showed this alteration was a 68-year-old man with severe sclero- 
derma of the skin, of rapid evolution (7 months). This patient was not hyper- 
tensive. 

Finally, a notching of the P wave on standard leads, mainly on Lead Daz, 
was frequently observed. The notch was either on the ascendant branch or at 
the top of P, resembling the “‘mitral’’ P wave, but without the increase in length 
beyond 0.11 second. The interval between peaks never exceeded 0.04 second 
(Figs. 5 and 6). According to Thomas and Dejong,'*® this type of notched P 
could still be normal; however, they found it exclusively in chest leads, especially 
the so-called ‘second peak type’”’ where the second peak is higher. In Group I, 
45.2 per cent and in Group II, 60.8 per cent, including all the autopsy cases who 
had had normal sinus rhythm (6 of the 7), presented this alteration. In such 
instances, postmortem examination always showed some pathology involving 
the auricular myocardium, namely, interstitial fibrosis, endocardial thickening, 
accumulation of collagenous tissue, dilation of the fibers, or calcification. 

Obviously, any of these alterations represents an obstacle to the spread of 
the normal electrical stimulus, and notching of the P wave may appear. Although 
this finding does not indicate a specific type of injury, its high incidence in this 
series could lead to the suspicion of myocardial involvement by the disease. 

2. Pulmonary Pathologic Changes.—When scleroderma has involved the 
lungs, alterations in structure and function, such as increase of the collagen con- 
nective tissue with alveolar thickening, compensatory emphysema, and, in 
some cases, rupture of the interalveolar septa with cyst formation, may re- 
sult.!3-811,12,14,17 Tf these disturbances are extensive enough, physiopathologic 
changes take place, e.g., alveolar-capillary block, respiratory and ventilatory 
failure, anoxia, pulmonary arterial hypertension, and, finally, chronic cor pul- 
monale. This latter entity has been identified by the electrocardiogram in some 
patients with scleroderma lung disease, by tall peaked P waves on Leads Dy» 
and Ds, negative P wave on Lead Vx, and by a shift of AP? and AQRS?:.5.8 
to the right in direct relationship with the degree of pulmonary hypertension 
and right ventricular overloading developed. 

However, in the present series, only one patient, who had extensive sclero- 
derma of the lungs corroborated at autopsy, showed an important shift of 
AP and AQRS to the right (AP from 0° to +90°, and AQRS from +70° to +90°) 
in 3 years of evolution. It is possible that in several patients with pulmonary 
involvement, but also with myocardial fibrosis, opposite forces are acting on both 
ventricles, preventing any shift of the electrical axis (Fig. 2). 

We found two clinical instances of marked pulmonary fibrosis and chronic 
cor pulmonale among the patients in Group II (6.9 per cent); in both, the ECG 
showed evidence of right ventricular hypertrophy, and one of them also had the 
typical Q wave on Lead Vj, described by Sodi-Pallares and associates'* in cases 
of right atrial dilatation. The autopsy findings in this particular case confirmed 
the electrocardiographic diagnosis. 

One patient in Group I also presented electrocardiographic changes sugges- 
tive of right ventricular hypertrophy. This 37-year-old woman showed this 
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finding as well as low voltage after 114 years of evolution of the scleroderma. 
She died at home 1 month later. 

3. Disturbances of the Conducting Medium.—Skin thickening of the thoracic 
cage, pleural or pericardial fibrosis, and, especially, the presence of pericardial 
or pleural effusion, may produce a short-circuiting action, and a low voltage of 
the tracing. Nevertheless, in most of the cases reported,?-* as well as in our own 
experience, the principal cause of low voltage was merely myocardial fibrosis, 
as mentioned above. Pericardial effusion has been found in some instances.!% 
Among our 12 cases with low voltage, only one patient had a significant amount 
of fluid in the pericardial sac. Another had bilateral pleural effusion. One pa- 
tient with fibrinous pericarditis did not show a decrease in the voltage of the 
ECG. It is important to recognize the electrical position of the heart ‘‘S;-S2-S3,’’!® 
because it may be the cause of the low voltage in some normal cases. 

4. Renal Involvement by the Disease ——Renal involvement by the disease is 
not a rare complication. Piper and associates found it in 74 per cent of their 
series of 31 cases with autopsy. Specific renal lesions have been described?®: 
dilatation and mucoid intimal thickening of the larger intralobular arteries, 
with subsequent development of fibrinoid necrosis in the smaller arteries; often 
the affected arteries contain thrombi. There also may be found necrosis of the 
parenchyma, infarcts in the renal cortex, and wire-loop changes in the glomeruli. 

When impairment of the kidney is great enough, hypertension or renal failure 
with metabolic disturbances can develop. The effect of these conditions on the 
heart may be reflected by the ECG showing left ventricular hypertrophy with or 
without evidence of systolic overloading,”'* or changes in Q-T or T due mainly 
to hypocalcemia or hyperkalemia. 

However, hypertension and renal failure usually appear terminally in sclero- 
derma, and there is often insufficient time for the development of secondary 
changes. 

In 8 of our patients in Group II (27.6 per cent) the possibility of renal in- 
volvement was suspected. In 4 of these, such diagnosis was confirmed by autopsy. 
The remaining 4 had hypertension, and one of these also had uremia. Never- 
theless, we could not rule out the association of essential hypertension with sclero- 
derma. In 4 of the 8 cases there was electrocardiographic evidence of left ven- 
tricular hypertrophy. None presented metabolic changes. 


SUMMARY AND CONCLUSIONS 


The electrocardiograms of 60 patients with scleroderma were studied. The 
patients were divided into two groups: those with and those without apparent 
visceral involvement with the disease. Seven of the latter group died and au- 
topsy was performed. 

In Group I (without apparent visceral involvement) the ECG was normal 
in almost 75 per cent of the cases. However, 25 per cent showed definite patho- 
logic alterations, bespeaking myocardial damage, despite the absence of clinical 
evidence. The evolution time of the disease in these cases varied between 7 


months and 15 years. 
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In Group II (with visceral localization of the disease) the ECG was fairly 
abnormal in slightly more than 75 per cent of cases, including 2 cases without 
clinical diagnosis of heart disease. Of the remaining 25 per cent, only one case 
(3.4 per cent) with a clinical and radiologic diagnosis of cardiopathy presented 
a normal ECG. 

The most frequent alteration in all cases was notching of the P wave on stand- 
ard leads. Because of its high incidence among all patients, and the presence 
of auricular pathology in the autopsy cases, the authors consider that this find- 
ing creates the suspicion of myocardial damage by scleroderma. 

Besides this, the following electrocardiographic findings had the highest 
incidence, all of them among the patients in Group II: left ventricular hyper- 
trophy (34.5 per cent), low voltage (27.6 per cent), incomplete right bundle 
branch block (20.7 per cent), subepicardial ischemia (17.2 per cent). Right ven- 
tricular hypertrophy, incomplete left bundle branch block, complete A-V block, 
right or left auricular enlargement, prolonged Q-T, subendocardial lesions, focal 
peripheral block, and extrasystoles were also found occasionally, but with low 
incidence. 

This analysis suggests that of all mechanisms which may act on the ECG in 
generalized scleroderma, myocardial fibrosis is the most important. 

A review of the literature as well as an anatomic, physiopathologic, and 
clinical correlation have been presented. 


The authors wish to thank Dr. Irving S. Wright for his kind review of and suggestions for 
this report. 
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Combined Auricular and Ventricular Septal Defects: A Study of Five Cases, 


With Postmortem Confirmation in Three 


J. Espino-Vela, M.D.,* B. Portillo, M.D.,** V. Rubio, M.D.,*** and 
S. Aranda, M.D.,**** Mexico, D.F. 


Auricular septal defect (ASD) is the second most common congenital cardiac 
malformation in our experience.'? The association of ASD with other congenital 
or acquired malformations, namely, with anomalous venous return’ and rheumatic 
mitral disease,‘ is not uncommon. In these cases, ASD is often the principal 
malformation. When it is associated with other, more complex congenital anom- 
alies, ASD constitutes a lesser anatomic feature within the complex physio- 
pathologic picture of the disease, such as in pentalogy of Fallot. 

Ventricular septal defect (VSD) is the third most common congenital car- 
diac malformation in our experience (about half as frequent as ASD). The asso- 
ciation of this malformation with other anomalies is perhaps less common. 
However, just as in the case of ASD, VSD may be one of multiple malformations 
wherein its physiopathologic expression is a more or less important feature of 
the anatomic and clinical picture. 

In our experience the association of these two defects is unusual. It is not 
easy to determine which of the two defects is the more important in the clinical 
picture which they originate when associated. It seems to be a combination of 
physiopathologic features in which each defect contributes in approximately 
equal proportions. The identification of both defects is difficult, so that a special- 
ized method may be the only means of solving the problem. 

We have been unable to find much literature on the subject. Abbott, 
for example, does not mention ASD associated with VSD except under the head- 
ing “fetal passages,” thus rendering it difficult to ascertain the nature of the 
ASD, which might very well be a patent foramen ovale. Gasul and associates,® 
in 1953, reported 4 cases with this association, but only 2 of these had large ASD, 
while®2 ‘others had a probe-patent_ foramen ovale. 

The purpose of this paper is to report 5 cases of this unusual association, 3 
of which'have autopsy reports. An attempt is made to evaluate the importance 
of clinical, radiologic, and electrocardiographic findings prior to the use of spe- 
cialized studies and to surgical correction of the defects. 


Received for publication May 29, 1958. 

*Head of the Department of Congenital Heart Disease, Instituto Nacional de Cardiologia, Mexico. 
**Fellow in Cardiology, Instituto Nacional de Cardiologia. 

***Head of the Department of Hemodynamics, Instituto Nacional de Cardiologia. 

**** Assistant Cardiologist, Instituto Nacional de Cardiologia. 


856 


CTS 


I 


| 
-naudoyouoiq | 39. Sa. So. eviuownaud 
Ul psig, | -Oyouosq ‘OU! | 


I 


4 


PTAL DI 


[Jo pue SIT? | | sod 


pue Zurary SIT? SI1 Agueyut 
ul 


ou 


| ome | SIT? | 
aynoeqns YIM | 

| | 

| 


Javay Ul 


SITS | +++ 


~ 
Z. 
= 
Q 
Z, 
~ 
=) 


| VINOWD ANd 
| OVIOLSAS tq | SIS Luodaa | ANA -OHONOUE 


THUHL | 
| 
| 


SISONVAD |-ALdOWGH | NO LaVaH SNOILOGAANI 
NOLLV9O' | | “QA LNADOV | VANdSAG ANOLVAIdSAA 


4O ANOLSIH 


COMBINI 


VLVQ ‘IVSINITD 


Volume 56 
Number 6 


857 
| 
; n | 
Z 
= | 
| 
< | 
< | 
= 
= 
— 
| — 
v=) 
$ 
i 
| 
+ 
+ 
v 
Nn 
| 
| | 
| | | 
| | 
| 
| | 
| | | | | 
| | 
| | | 
| 
| 
| 


858 ESPINO-VELA, PORTILLO, RUBIO, AND ARANDA pin Hoot ds 


MATERIAL AND METHODS 


Our 5 patients ranged in age between 1 month and 18 years. There were 2 females and 3 
males. Three of the patients died and were autopsied. Three were catheterized and one of these 
had an angiocardiogram. One patient was operated upon unsuccessfully. All had clinical, radio- 
logic, and electrocardiographic studies. The clinical data are plotted in Table I. 


DISCUSSION 


Embryology and Anatomy.—The three autopsy specimens belong to the 
subjects who were aged 1 month, 10 years, and 18 years. ASD in the three cases 
were widely patent foramina ovalii. These seem to have been the result of exces- 
sive resorption of the septum primum and faulty development of the septum 
secundum’ (Figs. 1 and 2). Measurements in the smallest heart were not ac- 
curate, but the defect appeared as a wide one and not as a probe-patent foramen 
ovale. The defects were always highly placed, in respect to the mitral and tri- 
cuspid valves. In the two living cases the ASD was proved by catheterization, 
and on purely statistical grounds we assume that the defects belong to the same 
embryologic type as that in the autopsied cases, since it is the most common 
type found in autopsy specimens and at operation.’ 

De la Cruz and associates® have recently classified VSD into two main types: 
basal and medial. The former originate through lack of development of the 


Fig. 1.—The ventricular septal defect in Case 1, as seen from the right side, and the auricular septal 
defect. The latter is shown above with a probe. Note the proximity of the ventricular septal defect 
to the septal leaflet of the tricuspid valve. 
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pars membranacea, and they are adequately subdivided into basal anterior 
(Type 1), basal medial (Type 2), and basal posterior (Type 3). Type 1 is located 
in front of the crista supraventricularis and Type 2 behind this structure, imme- 
diately under the aortic semilunar valve cusps. Two of our cases (Cases 1 and 2) 
belonged to Type 2 of this classification, while Case 5 belonged to Type 1. In 
no case did the aorta override the interventricular septum. The size of the 
largest defect (Case 2) measured 6 mm. in diameter, and the edge of the defect 
showed vegetations of bacterial endocarditis. 

Although a correct anatomic classification of the VSD in the two clinical 
cases is not possible, there is reason to believe they are due to absence of the pars 
membranacea. Clinical and hemodynamic behavior seem to substantiate this 
assumption. 

The histories of the patients point out the presence of pulmonary congestion 
of varying degrees: severe in Cases 1, 2, and 5 (the autopsied cases) and mild 
to moderate in the other two. This was the basis of severe lower respiratory 
infections leading to transient bouts of right ventricular failure in Case 1; marked 
accentuation of the second pulmonic sound in Case 2; bronchopneumonia in 
Case 4; and terminal bronchopneumonia in Case 5. Pulmonary congestion was 
apparently due to predominant, or perhaps exclusive, arteriovenous shunts. One 
might reason that the pressure of the right ventricle was, at some stage, consid- 
erably elevated in the three patients who showed cyanosis with effort (Cases 
2, 3, and 5), that is, a transient inversion of the shunt took place through one of 
the spetal defects, probably the VSD. 

The site of the cardiac murmur in these patients was consistent with the 
diagnosis of VSD. It was heard in every case at the fourth left intercostal space. 
The intensity and harshness of the murmur were other features compatible with 
this diagnosis. Yet, a palpable thrill was only noted in two cases. 


Fig. 2.—Case 2 from the right cavities. The ventricular septal defect is shown by the arrow. Vegetations 
of bacterial endocarditis were present. 
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Clinically, the diagnosis of VSD was correct in one of the autopsy cases 
(Case 2), and the diagnosis of ASD was correct in two of the living cases. Yet, 
this defect was thought to have unusual features in Case 1, such as the harshness 
of the murmur and its wide radiation from the second to the fourth left inter- 
costal spaces. For this reason the diagnosis of atrioventricularis communis 
(AVC) was postulated. Also in support of this view was the important hyper- 
tension of the pulmonary circuit, an uncommon feature in isolated ASD. Hemo- 
dynamic data forced us to accept the diagnosis of hypertensive ASD in this 
case. But ASD alone was not responsible for the hypertension; it was due to 
the presence of the other septal defect. Hemodynamic data in Case 3 led to the 
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Fig. 5.—Electrocardiogram of Case 1. There is a left axis deviation. Left auricular enlargement is 
evident because of slurred and notched P wavesin Lead I. Its duration is 0.12 second. ThersR complex 
in Lead V;, is suggestive of incomplete RBBB. Biventricular hypertrophy is present. The rsR complex 
in Lead V; and RS in Leads V2 and V; (with initial slurring of the ascending branch of R) are due to right 
ventricular enlargement. The type of complexes seen in Leads V; and V¢ portray left ventricular hyper- 


trophy. 
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suspicion of a defect of the ostium primum type or an AVC. Underdevelopment, 
feeding problems in infancy, frequent respiratory infections, and cardiac fail- 
ure are not uncommon complications in AVC."-4 Therefore, the diagnosis of 
this malformation made in two of our cases had reasonable clinical basis. 
This means that combined VSD and ASD are capable of producing the picture 
often seen in AVC. Yet, on clinical grounds it would be difficult to suspect both 
defects. 

It was not difficult to diagnose the VSD in Case 2 on the basis of the clinical 
findings (this patient was not catheterized). Bacterial endocarditis gave strong 
support to the diagnosis. Furthermore, this complication would have ruled out 
the diagnosis of ASD had it been suspected, because of its great rarity in such 
cases. 

The cases reported by Gasul and associates,® in which the premortem diag- 
nosis was not stated, often had the same clinical features: signs of pulmonary 
congestion, cardiomegaly, harsh systolic cardiac murmurs, and accentuation of 
the second pulmonary sound. These workers believe that the association of 
defects produced a distinct clinical syndrome which was severe enough in their 
patients so that none reached 6 months of age. While we agree that the presence 
of two shunts places a great load on the heart, our cases (with one exception) 
tolerated their malformation for several years. 


Fig. 6.—Electrocardiogram of Case 2. There is left axis deviation at —50°. First degree A-V block 
is present since the P-R interval measures 0.20 second. Biventricular hypertrophy is evident together 
with RBBB. The rsRs complex portrays activation of the trabecular zone of the right ventricle. RS 
complexes with slurred S waves in Leads V2, V3, and V4 Correspond to the activation of the apex of the 
left ventricle. The qRs complexes with slurred S wave in Lead V; and V¢ represent the activation of the 
free wall of the left ventricle. 
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Radiologically, we observed varying degrees of cardiomegaly (Figs. 3 and 4) 
due to hypertrophy and dilatation of the right cardiac chambers and, to a certain 
extent, of the left ventricle. This picture was compatible with the clinical diag- 
nosis of VSD. Indeed, the left cardiac chambers are not usually enlarged in 
isolated ASD, while this finding is a usual feature in VSD or in AVC. Because of 
this, Case 1 was thought to have an ostium primum defect or, perhaps, an AVC. 

In every case the pulmonary artery and the hilar shadows were markedly 
enlarged and pulsating. This behavior was the expression of an important left- 
to-right shunt, possibly at both auricular and ventricular levels. This view was 
substantiated by hemodynamic findings. The cardiomegaly was estimated in 
4 patients at between 45 and 58 per cent. Therefore, the malformations were 
not placing a tremendous load on the heart as in Gasul and associates’ patients, 
where a cardio-thoracic ratio of 70 per cent was obtained in one instance. 

Angiocardiography was a useful diagnostic method. It was performed in 
Case 3, and it demonstrated both defects. The heart in this case was almost 
normal in size. 

Electrocardiographically, four patients showed the following salient features: 
(1) left axis deviation; (2) right bundle branch block (RBBB), i.e., rsR, rsRS, 
and RS (with slurring of the ascending branch of R) type complexes in the right 
precordial leads, and RS (with slurring of the S wave) and qRs (with slurring 
of the S wave) complexes in the left precordial leads; (3) biventricular hyper- 
trophy with systolic overloading of the right ventricle and diastolic overloading 
of the left ventricle.** The 1-month-old patient had only right ventricular 
enlargement with systolic overloading (Figs. 5 and 6). 

The electrocardiographic pattern of ASD has become well known since being 
pointed out by Routier and Brumlik.'® Later, Vizcaino and associates" insisted 
on the high incidence of RBBB in ASD. Other usual features are right axis 
deviation, conduction disturbances expressed as first degree A-V block, and sug- 
gestive evidence of right ventricular hypertrophy. 

In VSD the more constant electrocardiographic features are those which 
portray biventricular hypertrophy and RBBB, the latter, however, less often 
than in ASD. Ample deflections in precordial leads are frequent. 

Therefore, in spite of the presence of common electrocardiographic features, 
there are differences which one is able to recognize for each individual defect. 
This is why the tracings are bizarre and suggest a combination of electrocardio- 
graphic disturbances seen in AVC. This is so because, anatomically, AVC is a 
combination of ASD plus VSD. There seems to be only a difference of degree, 
hemodynamically speaking, between AVC and our cases of ASD plus VSD. Thus, 
the electrocardiographic pattern is reminiscent of that seen in AVC, either com- 
plete or partial."* In any case, the tracings are not suggestive of pure ASD, 
although these features could occasionally be seen in some cases of VSD. Toscano- 
Barbosa and associates have recently stated that the electrocardiographic pat- 
tern of AVC is quite characteristic, the principal features being: (1) P-R pro- 
longation time, (2) left axis deviation, and (3) biventricular hypertrophy. These 
authors very aptly conclude, however, that these patterns cannot be considered 
pathognomonic. Our cases afford confirmatory proof of this statement. 
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Catheterization.—Catheterization data are presented in Table Il. The ASD 
was entered with the catheter only in Case 1. The VSD was not catheterized in 
any case. 

Gas analysis in the three catheterized cases shows a step-up of two volumes 
of oxygen at the level of the right auricle. A new step-up of nearly two volumes 
of oxygen was found at the ventricular level in Cases 3 and 4, and of only one 
volume in Case 1. In the latter case, temporary occlusion of the ASD by means 
of a Dotter-Lucas catheter still permitted increase in oxygen saturation at the 
ventricular level. These findings in the first two cases are suggestive of the double 
defect, and could be compatible with AVC. In Case 1 the slight step-up after 
occlusion of the ASD was erroneously thought to be due to the presence of a 
pulmonary vein with anomalous connection to the right auricle. 


TABLE II. CATHETERIZATION DATA 


PRESSURES (MM. Hg) 


| 
PULMONARY 
FLOW 
| PA# | (L./MIN.) 


O.M. 
10 years ao: | ' | 12.30 | 11.90 | 13. 
| | 


C. | | 
6 years | 11.75 | 14.05 | 15.96 | 15.50 | — 


4. LH. | | 
Syears | 7.99 | 9.96 | 11.95 | 11.95 | 
| | | 


SVC = Superior vena cava. RA = Right auricle. RV = Right ventricle. PA = Pulmonary artery. 
PA# = Peripheral artery. 


The highest ventricular pressure was seen in Case 1 (90 mm. Hg systolic). 
Cases 3 and 4 had slight increase of right ventricular pressure (31 and 35 mm. Hg 
systolic). Correlation of these data with pulmonary flow determinations seems 
to indicate that great pulmonary flow was the cause of pressure elevation in the 
pulmonary circuit of Case 1 (see Table II). Conversely, small pulmonary 
flow as in Cases 3 and 4 hardly had any effect on pulmonary pressure. A great 
pulmonary flow in Case 1 could have been anticipated in view of the cardiomegaly 
(Fig. 3). The enlargement of the heart was mainly at the expense of the right 
cardiac chambers, that is, the portion of the heart receiving the volume of blood 
shunted through the septal defects. The left ventricle was also enlarged be- 
cause. of the loss of blood in each contraction, and because all the shunted 
blood returned eventually to the left cardiac chambers. 


GAS ANALYSIS 
CASE, AGE |VOLUMES OF OXYGEN (%) 
SVC RA RV PA LA PA# RV PA 
- 89 90 101 
90 | 13.50 —- —— — 11.88 
86.3% 4.2 | 49 67 
31 29 
18.7 -— -— 3.60 
98.4% 1 9 
35 28 61 
12.36 - 5.41 
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Arterial blood saturation was in the lower limits of normal (for Mexico City) 
in Case 1; it could perhaps be considered abnormal despite absence of visible 
cyanosis. The presence of a mixed shunt should be considered in this case. 

In summary, from the hemodynamic standpoint our cases mimic AVC 
inasmuch as there were two oxygen step-ups: one at the auricular level and one 
at the ventricular level, which are salient diagnostic points in the diagnosis of 
AVC in the experience of some workers." 

Surgical Comment.—Case 1 was unsuccessfully operated upon, with the 
diagnosis of ASD, probably of the AVC type. The basis for this diagnosis has 
been outlined. The operation seemed justified in view of cardiomegaly, pul- 
monary hypertension, and the fact that the shunt was mainly left-to-right. The 
closure of the ASD alone might have afforded benefit to the patient. Severe 
rhythm disorders rendered the operation impracticable, and the patient made a 
poor recovery after thoracotomy, dying a few weeks later in heart failure. Fi- 
brinous pericarditis was a major contributory cause of death. 

The living patients are quite young, and for this reason as well as for lack 
of cardiac enlargement or pulmonary hypertension, the smallness of the shunts, 
and the patients’ excellent tolerance of the malformations, these cases do not 
seem to justify operation. 


SUMMARY 


The authors studied five cases of the unusual association of auricular septal 


defect combined with ventricular septal defect. In three cases autopsy studies, 
were made and in one of these and in two others catheterization studies were 
performed. Still one more had an angiocardiogram. The authors discuss the 
subject from the embryologic, clinical, radiologic, electrocardiographic, and hemo- 
dynamic standpoints. They emphasize the difficulties of differential diagnosis 
with cases of persistent atrioventricular canal. 
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Pneumococcal Endocarditis 
J. M. Ruegsegger, M.D., Pearl River, N. Y. 


Pneumococcal endocarditis is a septic complication of acute pneumococcal 
infections, most commonly pneumococcal pneumonia. Although the pathologic 
entity was first described more than one hundred years ago,! very little clinical 
recognition, or even suspicion, was accorded to this complication of pneumococcal 
infections until relatively recent times, when the biology of the pneumococcus 
was more fully understood. Even during the era of specific serum therapy of the 
pneumonias, endocarditis was most frequently recognized at necropsy and re- 
ported as a reason for failure of serotherapy. The introduction of antimicrobial 
agents of both synthetic and natural origin during the past 20 years has been 
responsible for a very dramatic reduction in mortality from the pneumococcal 
pneumonias; also, these agents have reduced the incidence of purulent complica- 
tions of these pneumonias and, in many instances, have been responsible for the 
cure of complications which at one time were considered almost universally fatal. 
In view of the fact that agents are available for the treatment of such complica- 
tions, a review of the literature on pneumococcal endocarditis was made in the 
hope that a better appreciation of the clinical features of the disease entity might 
be made available, thereby permitting therapy to be instituted earlier. 

A search of the published literature disclosed reports of almost 600 cases of 
endocarditis caused by the pneumococcus. Cases were excluded when the 
organism was identified only by its morphologic and tinctorial characteristics. 
In this connection, it must be deplored that hospitals and laboratories have 
permitted the use of pneumococcus typing sera to become obsolescent, if not 
obsolete. By means of these sera the pneumococcus can be identified rapidly 
and classified as to type without resort to painstaking laboratory methods; 
moreover, the use of such sera constitutes an ideal ecologic tool by virtue of the 
“‘self-tagging”’ of the capsular carbohydrate of the pneumococcus. 

It has not been possible to ascertain the relative importance of the pneumo- 
coccus as the causative agent in acute endocarditis. Whenever relative figures 
were reported, it appeared that the pneumococcus and Staphylococcus aureus 
were about equally responsible for cases of acute endocarditis. During the period 
1936-1941, the pneumococcus caused many more cases of acute endocarditis 
among adults in the wards of the Cincinnati General Hospital than did the 
staphylococcus. 
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Of the reported cases, the distribution by types may be seen in Table I. 
While Type I predominates among the typed cases, several other types deserve 
consideration because of the relatively frequent incidence in being associated 
with endocardial lesions. Moreover, by all odds, Type I was the most frequent 
causative agent of pneumococcal pneumonia, and it is, therefore, not surprising 
to note the high incidence of endocarditis, as well as of other complications, 
due to this type. In view of the great incidence of, and mortality among, cases of 
pneumonia caused by Type-III pneumococcus, especially during the presulfona- 
mide period, it is strange that only 16 cases of Type-III endocarditis have been 
reported. It is possible that bacteremic infections due to this organism pursued 
such a rapidly fatal course that the development of endocardial lesions was there- 
by precluded. If the production of antibodies is a factor in the pathogenesis of 
endocarditis,’ this factor may be pertinent, for the Type-III pneumococcus was 
considered a relatively poor antigen. The reasons for the invasion of the blood 
stream by the pneumococcus are not known, but great variations in the incidence 
of the bacteremia in pneumonia have been recorded by Bullowa and Wilcox,’ 
as well as others. Such factors may probably eventually explain many un- 
answered questions regarding the biology of the pneumococcus. Attention should 
be called to the relatively great incidence of endocarditis caused by Types II, 
V, VII, and XII. The incidence of Types II and V in endocarditis was not 
unexpected, for these organisms showed a great tendency to be associated with 
bacteremia when causing pneumonia. On the other hand, Type VII had a 
relatively low incidence in bacteremic pneumonia but ranked third among the 
types in the incidence of endocarditis. Still more unexpected was the number 
of cases caused by Type XII. This organism causes pneumonia relatively in- 
frequently, but 15 cases of endocarditis have been reported and almost half of 
these were observed at the Cincinnati General Hospital within a period of 5 years. 

Pneumococcal endocarditis has been reported among all age groups. While 
there have been several case reports of patients in their first as well as ninth 
decades, the median age incidence lies in the fifth decade. An inspection of 


TABLE DISTRIBUTION OF PNEUMOCOCCUS TYPES 


NUMBER OF | NUMBER OF | 


XXIII 
XXIV 
XXV 
XXVII 
XXVIII 
XXIX 
XXXI 
XXXII 
> XXXII 
Gr.IV 
Untyped 


| 
NUMBER OF 
TYPE CASES TYPE CASES TYPE CASES 
I 73 XII 15 4 
II 42 XIII 3 1 
III 16 XIV 9 5 
IV 12 XV 2 2 : 
V 17 XVI 1 1 7 
VI 9 XVII 3 
VII 20 XVIII 11 
VIII 12 XIX 3 1 
IX 2 b 4 5 2 
X 3 XXI . 33 
XI 3 XXII 3 280 
Total Number of Cases: 593 
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Table II will quickly disclose that the age pattern is dissimilar from that seen 
in subacute bacterial endocarditis, which is usually observed in the younger 
age groups. 

Neither sex nor race seems to have a predisposing influence on the incidence 
of pneumococcal endocarditis. The complication was noted much oftener in 
males than in females, but likewise the primary disease, pneumococcal pneumonia, 
is seen much more frequently in males. Similarly, pneumonia is seen in large 
hospitals of the north temperate zone more often in Negroes, although the in- 
cidence of endocarditis is no greater among Negroes than among white pneumonia 
patients. 

While pneumococcal endocarditis may follow any primary pneumococcal 
infection, the overwhelming majority of the reported cases followed pneumo- 
coccal pneumonia, usually of the classical lobar type. Less frequently, the 
pneumonia was of the lobular type or may have been diagnosed only at necropsy. 
In the rare instance, the portal of entry was difficult to ascertain; endocarditis 
due to a pneumococcus has been reported to follow meningitis, mastoiditis, tooth 
extraction, septic abortion, urethral dilatation, and surgical intervention for 
various conditions. 

It is doubtful if antecedent disease of the valvular endocardium predisposes 
to attack by the pneumococcus. In this series of cases collected from the literature 
a history of rheumatic heart disease or physical signs of valvular damage were 
noted in less than 10 per cent of the cases. On the other hand, considerably 
more cases were shown at necropsy to have histological stigmata of rheumatic 
fever. It may be safely concluded that there does not appear to be nearly so 
great a predisposition of antecedent valvular damage to attack by the pneumo- 
coccus as has been shown to be true in the case of Streptococcus viridans and 
related groups of streptococci. While an occasional case of pneumococcal en- 
docarditis has been reported as being engrafted on a valve damaged by syphilis, 
this complication happens only very rarely. 

Although acute endocarditis has been produced in experimental animals, 
the pathologic picture analogous to that seen at necropsy cannot be duplicated 
with regularity; consequently, the pathogenesis of the human disease remains 


TABLE II. AGE DistTRIBUTION 


DECADE | NUMBER OF CASES 


1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81-90 


| 
| 

17 

19 

53 

82 

92 

75 

35 

16 

2 

Total: 391 


conjectural. Wadsworth‘ remarked on the close similarity of the endocardial 
lesions of horses which had been immunized against the pneumococcus to those 
of human beings with pneumococcal endocarditis; moreover, these lesions were 
much more frequent in animals which had a relatively high antibody content 
in their sera. Later, Keefer? drew attention to the similarity of the immunological 
status of human beings with pneumococcal endocarditis and Wadsworth’s 
horses; in both species pneumococcemia and pneumococcal antibodies could be 
demonstrated simultaneously on many occasions. Keefer considered the anti- 
body content significant, in that the clumping of bacteria thereby enhances 
their localization on the valve cusps. Such a thesis would tend to explain the 
relative paucity of endocardial lesions caused by Type III pneumococcus. 

Other factors would have to be invoked to explain the localization of bacteria 
on one valve oftener than on another, or even on any physical obstruction to the 
flow of blood, such as a bifurcation. Table III] summarizes the sites of localization 
of the cases detailed in the literature. Thus it can be seen that the valves of the 
left side of the heart were involved more than 5 times as frequently as those on 
the right; and in about 8 per cent of the cases both sides of the heart exhibited 
endocardial lesions. In endocarditis secondary to pneumonia it is not unreason- 
able to suspect that the bacterial content of the blood just returning from the 
lung may be greater than that returning to the right side of the heart, which could 
be a decisive factor in the tendency of pneumococcal endocarditis to preponderate 
on the aortic and mitral valves. Whether it is necessary to invoke the factors 


of impact, contact, and pressure as advocated by Allen® cannot be stated at this 
time. It seems certain, however, that vascular thrombosis is not a very important 
factor in the pathogenesis of this type of acute endocarditis. 

The relative freedom of the tricuspid and pulmonary valves from endocardial 
lesions caused by the pneumococcus deserves comment. In this series of cases 
the aortic valve was involved 250 times and the mitral valve 237 times, whereas 
vegetations were observed on the tricuspid valve in 92 instances and on the pulmo- 


TABLE III. Site oF ENDOCARDIAL LESION 


NUMBER OF CASES 


Aortic Valve 

Mitral Valve 

Tricuspid Valve 

Pulmonary Valve 

Aortic and Mitral Valves 

Aortic and Tricuspid Valves 

Mitral and Tricuspid Valves 

Aortic and Pulmonary Valves 

Aortic, Mitral, and Tricuspid Valves 
Mitral, Pulmonary, and Tricuspid Valves 
Aortic, Mitral, Pulmonary, and Tricuspid Valves 
Aortic, Mitral, and Pulmonary Valves 
Ventricular Wall 

Auricular Wall 

Patent Ductus 


Total 


i 
SITE 
169 
156 
59 
13 
55 
11 
11 
3 
8 
2 
2 
7 
1 
1 
499 
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nary valve in only 21. On the other hand, Goldburgh, Baer and Lieber® reported 
that in their experience at the Philadelphia General Hospital the pneumococcus 
attacked the tricuspid valve alone relatively more often than did other organisms; 
yet, in the same series of 62 cases the pulmonic valve alone was not attacked 
in one case but was involved along with the mitral and tricuspid valves in another 
case. Such significant differences in the attack rates between the analogous 
valves and between the two sides of the heart lend support to Allen’s thesis that 
impact, contact, and pressure are important factors in the pathogenesis of 
endocarditis of bacterial origin.5 

In a single instance, endocardial lesions were noted only on the auricular 
wall, while in several cases such lesions were observed at necropsy to involve 
the ventricular wall, either alone or as an extension from valvular lesions. And 
in one case a patient with a patent ductus arteriosus is reported to have recovered 
after penicillin and ligation of the ductus.’ 

In view of the fact that more than 90 per cent of the cases of pneumococcal 
endocarditis represent complications of pneumococcal pneumonia, the clinical 
picture of the complication may be completely masked by the primary disease. 
While classical pneumococcal pneumonia may affect people of all ages, endocarditis 
is primarily a complication affecting patients of middle age and older. The com- 
plication is frequently ushered in by a sudden chill early in convalescence, at 
which time either relapse, recrudescence, or inadequate therapy may offer a 
plausible explanation to the physician for the chill and subsequent fever. At 
other times the complication apparently has its onset early in the febrile course 
of the patient and may thereby escape detection. In another group of patients 
the onset of the endocarditis comes late in the course of the disease or even after 
recovery from a presumably trivial respiratory infection; during the era of serum 
therapy the exacerbation of fever frequently required differentiation from serum 
sickness as an explanation therefor. 

Although the patient may tolerate the chill and subsequent fever satis- 
factorily, there is usually an increase in the anxious appearance of the patient 
with an endocardial complication of pneumonia. Frequently, the evidence of 
increased toxemia is the principal sign to alert the physician to the diagnosis 
when no localizing signs are present. 

Associated with pyrexia there is almost a tachycardia consistent with an 
infectious process of serious import. However, abnormal rhythm of the heart 
beat or pulse is unusual even late in the course of the disease. As in other forms 
of bacterial endocarditis, fibrillation is rare, although it may be observed as a sign 
of antecedent disease. Examination of the heart may disclose little deviation 
from the normal. Modest enlargement may be noted and is important when 
occurring under observation. Likewise, auscultation may disclose little of 
import. If the patient is still ill with pneumonia or meningitis, it may be im- 
possible to perform a satisfactory auscultatory examination; however, if sounds 
are heard which indicate a change in the competence of any valve, the suspicion 
of endocarditis should be entertained seriously. In my experience, as well as 
in that of others, a diastolic murmur or thrill over the aortic area is confirmatory 
evidence of endocardial disease in a patient convalescing from pneumonia. 
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Of course, recordings of biood pressure consistent with aortic insufficiency may 
be noted in the patient with a well-advanced lesion of the aortic valve. Un- 
fortunately, in more than half of the patients, auscultatory signs indicating 
endocardial mischief are absent. Petechiae and purpura have been reported in a 
relatively small per cent of the cases. Such findings were unexpected in view 
of the great incidence of these signs in subacute bacterial endocarditis. It is 
possible that lack of diligence in minute examination of a very ill patient may 
explain partially such an observation. 

The gravity of the patient’s condition may account for the infrequency 
with which a palpably enlarged spleen has been observed. At necropsy this 
organ is usually slightly enlarged, and its palpability during life has been re- 
marked upon by a few clinicians. 

On the other hand, meninigitis was noted in a majority of the reported 
patients either during life or at the necropsy. A relatively small per cent of 
patients developed purulent foci elsewhere, such as in a joint, the pericardium, 
or even in the soft tissues. Presumably, these represent the metastatic lesion 
of an infected embolus and should alert the physician to a silent lesion of the 
endocardium. A few patients actually recover from the meningitis only to 
succumb to the toxemia of the underlying disease or to a cardiac complication. 

Of the accessory examinations, blood culture is probably the most important. 
It is very difficult to sustain the diagnosis of pneumococcal endocarditis without 
culturing the pneumococcus from the blood stream; the organism grows readily 
in broth cultures, and cultures should be taken at frequent intervals for prognostic 
as well as diagnostic purposes. There is almost always an associated leukocytosis 
characteristic of pneumococcal infections; counts of 50,000 leukocytes have been 
noted, but the median count probably lies in the neighborhood of 20,000 to 25,000 
with a corresponding increase in the band form of neutrophils. There is fre- 
quently a hypochromic anemia, sometimes even requiring transfusion. 

Examination of the urine is rarely of diagnostic value. Albuminuria may be 
noted frequently but not in unusual amounts. In a few cases, hematuria may 
reflect embolic phenomena from the endocardial lesions. 

Rarely does the electrocardiogram disclose evidence of diagnostic value in 
pneumococcal endocarditis. 

The course of patients with pneumococcal endocarditis is usually one leading 
to a rapidly fatal outcome. These patients usually become increasingly toxic 
and succumb either to toxemia or meningitis. Some expire because of cardiac 
failure, secondary to deformity or rupture of a valve cusp. The duration of the 
disease varies considerably even in the untreated patients. It is difficult to as- 
certain the precise onset of the endocarditis, especially in patients whose endo- 
cardial lesion merges with the primary pulmonary disease. As a rule, these 
patients do not survive longer than 6 weeks; notable exceptions to this survival 
period have been reported. In a case report of 1943,° the patient was known to 
have had recurring pneumococcemia for at least 172 days; an antemortem diagno- 
sis of endocarditis had been made largely by exclusion but could not be sub- 
stantiated by physical signs, and no primary focus could be disclosed by history 
or by culture of various fluids. 
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It may be seen from the foregoing composite history of cases of pneumococcal 
endocarditis that often there are no signs or symptoms which characterize the 
disease clinically. Hence, it is necessary to attempt to confirm even one’s sus- 
picion with blood cultures. Demonstration of the pneumococcus by blood culture 
alone may suggest the diagnosis or confirm a suspicion of endocarditis. Re- 
peatedly positive blood cultures are presumptive evidence of the disease. Rarely 
has a case of pneumococcal endocarditis been reported at necropsy when an- 
temortem blood cultures in suitable media were negative. The development of 
embolic lesions during the course of a pneumococcemi~ infection should be 
considered suspicious evidence of an endocardial comp!ication. The actual 
diagnosis of the site of the complication by physical or auscultatory findings may 
elude detection entirely. The most commonly observed sign permitting the 
anatomic diagnosis antemortem has been the murmur of aortic insufficiency and 
associated pulse signs characteristic of incompetence of the aortic valve. Rarely 
did a systolic murmur or even a change in the character of a systolic murmur in 
this series of cases enable the physician to localize the lesion with the certitude 
which the development of an aortic diastolic murmur adds to the diagnostic possi- 
bilities. In one well-recorded case, Scott® reported the development of a murmur 
characteristic of mitral stenosis; at necropsy the vegetations on the mitral valve 
cusps partially occluded the orifice of this valve. 

In summary, therefore, it may be said that the diagnosis of pneumococcal 
endocarditis must be based primarily on a high degree of suspicion. The per- 


sistence of pneumococcemia, or the recurrence of a positive blood culture of the 
pneumococcus, in a patient receiving antimicrobial therapy directed at this or- 
ganism should alert the physician to the possibility that endocarditis may be 


TABLE IV. SUMMARY OF REPORTED CURES OF PNEUMOCOCCAL ENDOCARDITIS 


YEAR OF AGE OF 
REFERENCE REPORT PATIENT IMPORTANT THERAPEUTIC AGENTS 


Untyped Serum 
Untyped 
Untyped 
Untyped Serum, vaccine, abscess of fixation 
XXVIII | Serum, sulfadiazine, sulfathiazole 
Untyped Penicillin 
XXVII Sulfadiazine, penicillin 
VII Sulfadiazine, penicillin 
V Sulfadiazine, penicillin 
XIV Penicillin 
Intyped Penicillin 
Penicillin, then ligation of ductus 
I Penicillin 
Intyped Sulfadiazine 
Penicillin 
Intyped Penicillin, sulfadiazine 
Intyped Penicillin, sulfadiazine 
XX Aureomycin, penicillin 
VIII Penicillin 
XVIII Penicillin 
Ill | Penicillin 


§ 
j 
| 
| 
13 1902 68 
12 1904 25 
18 
11 1928 56 
© 16 1942 18 
17 1943 
< 14 1944 7 
18 1945 35 
62 
3 19 1945 1 
20 1946 22 
7 1946 10 
21 1946 62 
22 1946 20 
23 1947 13 
24 1950 19 ; 
25 
25 1951 58 
10 1957 44 
55 
40 
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present. If laboratory facilities are available which detect not only the pneumo- 
coccus but, also, simultaneous circulating type-specific antibodies, tie suspicion 
should certainly be increased; this is especially true when no other pyemic focus 
can be ascertained. Moreover, if embolic phenomena occur in the course of the 
patient’s illness, the likelihood of endocarditis is increased. When heart murmurs 
develop or change in intensity, especially those heard in diastole, these can usually 
be ascribed to endocarditis in the face of a persisting pneumococcemia. 

As noted at the outset, pneumococcal endocarditis was almost invariably 
fatal even when large doses of type-specific anti-pneumococcus serum were ad- 
ministered relatively early in the course of the disease. Whether there is a 
failure of the phagocytosis mechanism, an issue raised by Austrian,’® cannot 
be answered at this time. At any rate, prevention should be the goal of the 
therapist, for even today the treatment of this complication of pneumococcal 
infections is not satisfactory. 

In the era before the sulfonamides three case reports appeared indicating 
that patients recovered from illnesses in which endocarditis developed during the 
course of an acute pneumococcal infection. Lanbry and Coffin" reported the 
recovery of a Type-II patient after serum, vaccine, and nonspecific therapy. 
Preble” reported 2 young patients who recovered, but he did not comment on 
the therapy employed. The case report of Wells seems less reliable, for the blood 
cultures were repeatedly sterile and the hectic course of the patient’s convales- 
cence may well have been due to serum sickness. 

The widespread use of the sulfonamides has undoubtedly reduced the mor- 
tality from pneumococcal pneumonia appreciably, but there is no evidence that the 
use of these agents is of much value in the treatment of pneumococcal endocarditis. 
On the other hand, penicillin seems to have exercised a favorable effect on 15 
of the patients who have been reported as survivors of this complication. It is 
impossible to extract a recommended dose of penicillin from these case reports; 
in view of the disappointing results usually seen, it would seem wise to err on the 
side of overtreatment rather than to interrupt antibiotic therapy prematurely; 
fever and blood cultures might serve as parallel indices of adequacy of therapy. 
While Loewe and associates" first recommended combining heparin with peni- 
cillin, it is doubtful whether there is need for such adjunctive therapy now. Of 
course, if there is a lesion amenable to surgical therapy, as in the case reported by 
Flett and Powell,’ it would seem wise to subject the patient to an excision of the 
focal lesion, if, as, and when the patient’s general condition permits. 

Other temporary cures of pneumococcal endocarditis have been observed, 
only to have the patient die of a ruptured valve cusp or cardiac failure secondary 
to a deformed valve.'® Although the number of cases is still too small for general- 
ization, it does appear that penicillin is superior to the broad spectrum anti- 
biotics in its ability to sterilize the lesions of pneumococcal endocarditis. Sheldon 
and Golden" have pointed out the frequent finding of abscesses of the valve rings 
in patients with acute bacterial endocarditis who had been treated with anti- 
biotics. The reason for the clearing of the endocardial lesion and the inability 
of the antibiotic to assist in clearing the abscess is not clear but may represent a 
failure of the phagocytic mechanism, as Austrian suggests.!° 
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It appears from an inspection of these cures that one type of pneumococcus 
is nO more or no less amenable to therapy than another. Likewise, it seems 
certain that endocardial complications of pneumococcal infections are difficult 
to treat satisfactorily. Consequently, the therapy of such infections should be 
aimed at the primary infection, with a view to the prevention of complications 
of all kinds. Therefore, no attempt has been made to delineate the general or 
specific measures for the treatment of pneumococcal infections. 


SUMMARY 


Pneumococcal endocarditis remains a complication of very serious prog- 
nostic import. Inasmuch as it may occur in patients with previously undamaged 
valves, every pneumococcal infection should be treated vigorously and early, 
with the aim of preventing endocardial complications. 

The diagnosis of pneumococcal endocarditis should be suspected in any 
pneumococcal infection associated with persistent or recurring pneumococcemia. 
The occurrence of embolic phenomena or meningitis in such infections should 
add to the suspicion and demand careful examination of the heart. The ap- 
pearance of a systolic murmur or the roughening of a pre-existing systolic murmur 
in a patient with pneumococcemia should be regarded as presumptive evidence 
of endocarditis. A diastolic murmur, especially over the aortic valvular area, 
appearing in the course of pneumococcemic disease is almost positive proof of 
endocarditis due to the pneumococcus. 


The therapy of pneumococcal endocarditis is unsatisfactory and disappoint- 
ing, but these patients should be given the benefit of large parenteral doses of 
penicillin for extended periods after the subsidence of fever, and the sterilization 
of the blood stream as adjudged by frequent blood cultures. 
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Coronary Embolism: Report of Three Cases 


Thomas J. Gill, III, M.D., Raymond A. McBride, M.D., and 
Gustave J. Dammin, M.D., Boston, Mass, 


INTRODUCTION 


Embolism is an uncommon but often fatal type of occlusion of a coronary 
artery. Ina recent collective review,' 54 cases of coronary embolism documented 
by detailed clinical and post-mortem studies were described. The basis for the 
most common type of embolism, that is, bacterial endocarditis, is not observed 
as often today as it was formerly. Thrombi of vascular origin were a common 
source of coronary arterial emboli, and although some success has been achieved 
in the control of thrombosis and its complications through the use of anticoagu- 
lants, such an origin must still be considered. Atheromatous deposits in the 
sinuses of Valsalva and the proximal aorta may also enter the coronary arterial 
circulation and result in occlusion more frequently than is presently appreciated. 
In the three cases to be described, all encountered recently, each of the three 
mechanisms of embolism of the coronary arteries just described is exemplified. 
In one, the embolus arose from a vegetation of bacterial endocarditis, in another, 
from a thrombus in the left atrium, and in the third, from atheromatous deposits 
in the proximal aorta. In all three cases, death resulted from myocardial 


infarction. 


CASE REPORTS 


Case 1 (P.B.B.H., A-57-364).—J. B. was a 63-year-old, white machinist who had had 
“rheumatism” at age 17 and an episode of “rheumatoid arthritis” at age 48. He was well until 
three and one-half years prior to death, at which time he noted the onset of progressive exertional 
dyspnea, orthopnea, and attacks of wheezing. One and one-half years prior to death he complained 
of weakness and subxiphoid pain at work, was found to have rheumatic heart disease and atrial 
fibrillation, and was digitalized. During the year prior to death he lost 30 pounds, had a chronic 
cough with occasional hemoptysis, and became more orthopneic. Twenty-four days prior to 
death he had an acute attack of substernal pain with increased dyspnea. The following day he 
had three generalized convuisive seizures and an episode of apnea. He then entered the hospital 
with severe parieto-occipital headaches, confusion, and disorientation. 

Physical Examination.—Physical examination on admission showed a small, dyspneic, and 
orthopneic man who coughed occasionally, each cough apparently precipitating a severe parieto- 
occipital headache. His blood pressure was 90/60 mm. Hg, pulse 100, and respirations 20. The 
only pulmonary findings were breath sounds which had a prolonged and high-pitched expiratory 
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phase. The neck veins were not distended and there was no cyanosis. There was a marked 
precordial heave and an epigastric impulse. The heart sounds were distant, M; was greater than 
Me, and there was a Grade 1 apical, medium-pitched systolic murmur. No evidence of dia- 
stolic murmur, gallop, rub, or thrill wasfound. Admission ECG showed atrial fibrillation, digitalis 
effect, and abnormal nonspecific S-T segment changes in the precordial leads. Venous pressure 
was 210 mm. Hg, and circulation time (arm to tongue) was 32 seconds. The transaminase was 
210 units on admission and fell to 25 units nine days later. 

Shortly after admission the patient developed a pericardial friction rub and .S-T segment 
depressions over the lateral precordial leads (Fig. 1); together with the elevated ‘transaminase 
this established the diagnosis of myocardial infarction. Twenty days prior to death he had 
had an episode of hematemesis and guaiac-positive stools. Dyspnea and low-grade fever persisted, 
and on the sixteenth day prior to death he showed the signs of a pneumonic process in the right 
middle and lower lobes. Because of the failure of this process to respond to penicillin and strepto- 
mycin, recurrent pulmonary emboli were suspected, and both femoral veins were ligated under 
local anesthesia twelve days prior to death. The patient failed to respond to this procedure and 
went steadily downhill, with the blood urea nitrogen rising from 20 to 110 mg. per cent and po- 
tassium rising from 4.4 to 7.2 mEq./L. Over the last ten days of life a progressively louder apical 
diastolic murmur appeared which had some of the qualities of a mitral stenosis rumble. The 
pulmonary involvement became more extensive, and the patient died quietly on the morning of 
the twenty-fourth hospital day. 


Fig. 1.—Case 1. ECG showing depression of the S-T segment. 


Autopsy.—At autopsy, mitral stenosis was demonstrable, with a posterior wall and septal 
myocardial infarction caused by embolic occlusion of the circumflex branch of the left coronary 
artery which supplied most of the posterior left ventricle and septum (Fig. 2). The coronary 
vessels had only minimal atherosclerosis, and did not contribute to the occlusion. Histologic 
dating placed the infarct at three to four weeks old (Fig. 3). The source of the embolus was a 
mural thrombus on the left atrial wall. The major portion represented a recent process, perhaps 
three to four days old, and thus not old enough to have been that portion which produced the 
occlusion. Its site of attachment, however, was organized and approximately three to four weeks 
old, as was the embolus (Figs. 4 and 5). Thus, the site of attachment was part of an older process 
which gave off the fatal embolus, after which the recent thrombus had formed on it. There was 
no rupture of a papillary muscle and no ulceration or other recent defects of the cardiac valves. 
There was evidence of an active rheumatic process with fibrinoid, Aschoff cells, and fibrinous 
pericarditis. 

There was hemorrhagic consolidation of the lower lobes of the lungs. The organized thrombi 
in the small arteries, partially organized masses of fibrin in the alveoli, and capillary fibrin plugs 
were all consistent with a recurrent embolic process extending over a period of several weeks. 

A subacute peptic ulcer found on the lesser curvature of the stomach was the most likely 
source of the guaiac-positive stools and hematemesis. 
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The rise in blood urea nitrogen could not be explained on an anatomic basis. The most 
plausible postulate would be prerenal azotemia secondary to congestive heart failure, bleeding from 
the peptic ulcer, and decreased glomerular filtration rate. 


Fig. 2.—Case 1. Embolus lodged in the circumflex branch of the left coronary artery. 


Fig. 3.—Case 1. Myocardial infarction showing organization by vascular fibrous tissue. Hematoxylin 
and eosin, 4 micron section. Original magnification, x 90. 
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Fig. 4.—Case 1. Thrombus in the left atrium, showing attachment to the wall. Hematoxylin and 
eosin, 4 micron section. Original magnification, x 90. 
Fig. 5.—Case 1. Embolus from the circumflex branch of the left coronary artery. Trichrome, 4 micron 
section. Original magnification, x 90. 
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Case 2 (W.R.V.A.H., A57-43).—P. S. was a 34-year-old white man who was known to have 
had a heart murmur since birth. There was no known history of rheumatic fever, scarlet fever, 
or cyanosis, but an apparently significant murmur was heard at the time of discharge from the 
Armed Forces in 1946. He did well until March of 1953, when he had an episode suggesting parox- 
ysmal tachycardia. At this time his family physician reported a Grade 3 systolic murmur radiat- 
ing over the entire precordium, being maximal at the left of the lower sternum, and the ECG 
demonstrated left and right ventricular hypertrophy. The blood pressure at this time was 140/30 
mm. Hg. In June of 1955, a diastolic murmur was heard at the left sternal border. Two months 


Fig. 6.—Case 2. A, Vegetative endocarditis of the mitral valve. B, Vegetative endocarditis of the 
aortic valve. Note destructive lesion in cusp on right. 


prior to admission he developed generalized aches, malaise, fever, sweats and chills; there was no 
history of dental extractions. Six weeks prior to admission he developed palpitations, a heavy 
precordial sensation forcing him to sleep in an elevated position, and ankle edema. He was ad- 
mitted to another hospital where blood cultures were positive for Streptococcus viridans, and he was 
placed on massive doses of penicillin plus 2 Gm. of streptomycin per day. There was a good tem- 
perature response to this therapy but tachycardia persisted. He was then admitted to the West 
Roxbury Veterans Administration Hospital for further therapy of bacterial endocarditis. 
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Physical Examination.—The patient was well developed and well nourished, with a blood 
pressure of 134/0 mm. Hg, pulse of 112, and temperature of 98.6° F. The neck veins were flat. 
There were decreased breath sounds at the bases bilaterally, and no rales were heard. The heart 
was slightly enlarged to the left; Az was absent; and a Grade 4, harsh systolic murmur and thrill 


lig. 7.—Case 2. Section of the aortic valve, showing the vegetative endocarditis. Hematoxylin and 
eosin, 4 micron section. Original magnification, x 90. 


Fig. 8.—Case 2. Embolus with mycotic aneurysm formation in the obtuse branch of the left 
circumflex coronary artery. Arrow points to cut end of artery at the site of occlusion and aneurysm 


formation. 
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December, 1958 


Fig. 9.—Case 2. A and B, Section of the partially organized embolus in the obtuse branch of the 
left circumflex coronary artery with adjacent infarct. Note disruption of elastic lamella, with fragmenta- 
tion and partial disruption of the media (see arrows). Elastic tissue stain, 4 micron section. Original 
magnification, x 90. 
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were noted in the left mid-clavicular line in the sixth intercostal space. A diastolic murmur at 
the left sternal border was also noted, and there was a pistol-shot murmur over the brachial and 
femoral arteries. The remainder of the findings on physical examination were within normal 
limits. 

Laboratory work on admission revealed a white blood cell count of 9,400, a hemoglobin 
of 12.8 Gm. per cent, and a hematocrit of 39. The urinalysis was normal. Repeated blood 
cultures were negative. On admission a chest film showed an enlarged heart with prominence of 
the left ventricle and diffuse increase in the vascular markings of both lung fields. Cardiac fluor- 
oscopy revealed enlargement of both right and left ventricles and no evidence of valvular calcifica- 
tions. By ECG there was left ventricular hypertrophy with probable incomplete right bundle 
branch block, and a bigeminal rhythm. 

There was a low-grade fever during the first few days of hospitalization, but following this 
he remained afebrile. He was relatively asymptomatic except for occasional episodes of anxiety 
and palpitations. The same dosage of penicillin was continued for nineteen days after admission. 
A few episodes of cardiac failure were easily controlled by use of sodium restriction and digitalis. 
Thirty-seven days after admission, while walking down the corridor, he suddenly slumped to 
the floor and succumbed in spite of resuscitative measures. 


Fig. 10.—Case 2. Infarct of the left ventricle. 


Autopsy.—At autopsy the heart weighed 725 grams. A vegetative endocarditis was present 
on both the aortic and mitral valves (Figs. 6, A, B and 7). The aortic cusps had thickened and 
slightly retracted edges. There was slight thickening of the chordae tendineae of the posterior 
leaflet of the mitral valve, and the anterior leaflet was thickened at its edge and its chordae tendi- 
neae were thickened and fused. There was minimal coronary atherosclerosis. A large branch of 
the left circumflex coronary artery was dilated and completely occluded by a thrombus (Fig. 8). 
Microscopically, the vessel showed partial destruction of its wall, with granulomatous inflam- 
mation about calcified debris, presumably fragments of valve vegetation (Fig. 9, A and B). 
The myocardium of the left posterolateral wall beneath this vessel contained a large focus of 
recent infarction (Figs. 9, A and 10). There were small, partially organized infarcts in the spleen, 
with small arteries and arterioles occluded by partially organized thrombi. 

The destructive process suggests a preceding septic embolus, with resultant myocardial 
infarction and mycotic aneurysm formation. The microscopic alterations in the mitral and aortic 
valves suggest rheumatic heart disease as the underlying cardiac disease. The microscopic ap- 
pearance of the coronary embolus is identical with the vegetative lesion involving the aortic and 
mitral valves (Fig. 7). 
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Case 3 (P.B.B.H., A-58-108).—B. M. was an 87-year-old widower who had been well up to 
six months prior to death, at which time he developed a cough and mild congestive heart failure. 
For a week prior to death he had increasing shortness of breath, wheezing, and dyspnea on exertion. 
On the day before death he complained of anterior chest pain radiating through to the back, 
with nausea and sweating. He entered the hospital in pulmonary edema. 

Physical Examination.—Physical examination on admission showed an elderly, dyspneic 
white man with cyanotic lips. His blood pressure was 150/100 mm. Hg, pulse 88, and respirations 
28. The chest was increased in anteroposterior diameter, the expiratory phase of respiration was 
prolonged, and there were coarse rhonchi and rales throughout both lung fields. The heart sounds 
were obscured. The admission ECG showed an anteroseptal myocardial infarct, frequent multi- 
focal ventricular premature beats, often in runs of bigeminy, and occasional nodal premature 
beats (Fig. 11). The sedimentation rate was 33, the white blood cell count was 8,800 with 89 
per cent neutrophils; lactic dehydrogenase was 340 (normal 117 or less); and blood urea nitrogen 
was 59 mg. per cent. 

The patient seemed to be comfortable and to do well on initial therapy, but on the night of 
admission he had a sudden convulsion and expired. 


Fig. 11.—Case 3. ECG showing the changes of an anteroseptal myocardial infarction. 


Autopsy.—At autopsy there was severe generalized atherosclerosis. The heart weighed 460 
grams and had an old, healed septal myocardial infarct and a quite recent myocardial infarction 
which involved the anterior septum and apex of the left ventricle, and which was histologically 
dated as less than 24 hours old. The anterior descending branch of the left coronary artery was 
markedly sclerotic, with the media consisting of dense fibrous tissue and a few scattered bundles 
of smooth muscle, and the intima consisting of proliferated fibrous tissue containing cholesterol, 
foci of calcification, hemosiderin-laden macrophages, lymphocytes, and plasma cells. The nar- 
rowed lumen contained a recent embolus made up of amorphous, granular, eosinophilic material, 
cholesterol, and red cells (Fig. 12). There was a neutrophilic inflammatory reaction at the site 
of attachment of the embolus to the artery wall, which extended into the embolus itself. Above 
each of the sinuses of Valsalva there were firm excrescences showing focal calcification, cholesterol 
deposition, and granular debris; however, each was covered by a continuous band of fibrous tissue 
containing a few elastic fibers. Just above the aortic valve there were several large, ulcerating 
atheromata. Such atheromata were found throughout the aorta, and just above the bifurcation 
there was a thrombosed saccular aneurysm. Histologically, the atheromata were composed of the 
same type of amorphous, granular, eosinophilic material containing cholesterol and some red 
cells as was the embolus that occluded the anterior branch of the left coronary artery (Fig. 13). 
The surface of this material was not covered by any fibrous tissue, but rather had such amorphous 
material projecting freely into the lumen. Above the occlusion there was no evidence of any 
ulceration in the coronary artery itself that could have acted as a source for the embolus. Ad- 
ditional evidence for the friable atheromata as the source of the coronary embolus was the presence 
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Fig. 12.—Case 3. Atheromatous embolus in the anterior descending branch of the left coronary 
artery, showing its attachment to the wall and infiltration with neutrophils. Hematoxylin and eosin, 
! micron section. Original magnification, x 56. 

Fig. 13.—Case 3. Section of an ulcerating atheroma on the aortic wall adjacent to the aortic 
valve. Hematoxylin and eosin, 4 micron section. Original magnification, X 67. 
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of atheromatous emboli in the small arteries and arterioles of the spleen, kidneys, periadrenal fat, 
and pancreas (Fig. 14). The atheromatous embolus must have been carried into the coronary 
artery from an atheroma near the coronary ostium during the diastolic reflux of blood into the 
coronary vessels. The kidneys showed severe nephrosclerosis, which was the result of hyperten- 
sion, and which probably explained the elevated blood urea nitrogen. The lungs were congested 
and edematous. The immediate cause of death was acute myocardial infarction and subsequent 


pulmonary edema. 


Fig. 14.—Case 3. _ Atheromatous embolus in a small renal artery. Hematoxylin and eosin, 4 micron 
section. Original magnification, x 124. 


DISCUSSION 


In a recent comprehensive review! coronary embolism was found to have 


a 3:1 predominance in males and to occur most frequently between the ages of 
20 and 50. The vessel most commonly involved was the left coronary artery, 


as in all three cases presented here, especially its anterior descending branch. 
The most common source of emboli was a bacterial vegetation, as in Case 2. 
The proximal portion of the aorta, as in Case 3, was also frequently the source 
of emboli. The least common origin of emboli was in the left atrium, where the 
embolus of Case 1 arose. The over-all mortality from coronary embolism was 
found to be 96 per cent, but in only 31 per cent was the cause of death ascribed 
to myocardial infarction. In all three cases reported here, death resulted from 
myocardial infarction. 
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Coronary embolism has been reviewed periodically throughout the years,'~ 
and each time relatively few cases have been collected, the last review! having 
only 54 cases. The three cases reported here were observed over a period of 
approximately four months; thus it seems reasonable to suspect that coronary 
embolism may be a more common phenomenon than has been appreciated. The 
demonstration of a coronary embolus requires careful gross and microscopic 
study, and with such an effort this mechanism of coronary occlusion may well 
be found more commonly than it has in the past. 


SUMMARY 


Three cases of coronary embolism resulting in myocardial infarction are 
reported. The possibility of the more frequent occurrence of this phenomenon 
in causing myocardial infarction is discussed. 
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Marfan's Syndrome: A Case With Complete Dissection of the Aorta 


Kamta P. Sinha, M.D.,* and Harry Goldberg, M.D.,** Philadelphia, Pa. 


About 60 autopsied cases of Marfan’s syndrome have been reported to date. 
Eighteen of them had dissecting aneurysm of the aorta.!? Thirty-three cases had 
aneurysmal dilatation of the ascending aorta. The following case is reported 
because of some very unusual features found at autopsy. 


CASE REPORT 


M. J., a 30-year-old, unmarried white woman, entered the Hahnemann Medical College and 
Hospital on Feb. 6, 1958. Her chief complaints on admission were extreme shortness of breath, 
cough, and sweiling of her face and extremities. The patient did not offer any history of rheumatic 
fever or its equivalents. She had had cyanosis on exertion since childhood. She was never aware of 
her heart condition until 1957. At that time a murmur was heard during a physical examination 
for suspected pneumonia. She also presented evidence of congestive failure. She was put on 
digitalis medication. Again in January, 1958, she had a severe pneumonitis with evidence of 
marked congestive failure. She was treated with oxygen, digitalis, antibiotics, and diuretics. 
Her condition did not improve and she was referred to this hospital for evaluation and treatment. 
There was nothing notewor‘hy in the past history except severe myopia since childhood. Family 
history was noncontributory. 

Physical examination revealed a young white woman in acute respiratory distress, with cyano- 
sis of the lips and nail beds. Her supraorbital ridges were prominent. She had a high, narrow, 
and arched palate. The thoracic cage presented a pigeon-breast deformity with central pectus 
excavatum. She did not have tall features or long fingers. Pulse rate was 106 per minute and it 
was regular. Her blood pressure in the upper extremities was 140/0 mm. Hg, and in the lower 
extremities it was 90/0 mm. Hg. Examination of the eyes revealed nothing abnormal except 
bulging eyeballs and severe myopia. There was no dislocation of the lens. Neck vessels were 
pulsating. Lungs were clear. Auscultation of the heart revealed a continuous, systolic-diastolic 
murmur at the third left intercostal space at the side of the sternum. The same murmur was 
transmitted over the entire precordium with varying intensity. Abdominal examination revealed 
the liver to be enlarged 4 fingerbreadths below the right costal margin, and the spleen was en- 
larged 2 fingerbreadths. Femoral arteries were barely palpable. There was pitting edema in the 
legs and feet. 

The electrocardiogram revealed first degree A-V block and digitalis effect (Fig. 1). 

X-ray of the chest revealed a markedly enlarged heart, both to the right and left of the mid- 
line. Hilar vessels were obscured by the marked cardiac enlargement. There was a marked an- 
terior deformity of the sternum (Fig. 2). 
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The laboratory findings were within normal limits. Blood serology was negative. 

At this stage a diagnosis of high ventricular septal defect, deformed aortic valve, and coarcta- 
tion of the aorta was made. 

The patient was treated for congestive failure. However, she developed spiking temperature 
and some moist rales in the chest. The white blood cell count was 11,700 with 84 per cent poly- 
morphonuclear cells. Urinalysis revealed 2-4 wbc/field. Blood culture was positive for staphylo- 
cocci coagulase negative on three occasions. The organisms were resistant to all antibiotics ex- 
cept Novobiocin. 


Fig. 2.—Posteroanterior and lateral chest x-ray of the patient, showing markedly enlarged heart and 
anterior deformity of the sternum. 


TT vy Pi v 
¥ | 
a ~~ j 
J 
! 
Fig. 1.—Electrocardiogram of the patient, showing first degree A-V block and digitalis effect. 
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The clinical course of the patient was progressively downhill. Sh«. was treated with heavy 
doses of penicillin (100 million units intravenously, daily), Achromycin (500 mg. q. 6 h.), Chloro- 
mycetin (500 mg. q. 6 h.), Novobiocin (500 mg. q. 6 h.), Spontin (1,500 mg. intravenously b. i. d.), 
and Vancomycin (1,000 mg. intravenously b.i.d.). In spite of this intensive antibiotic therapy 
the patient did not show any improvement. She died suddenly on March 8, 1958. 


Fig. 3.—Gross specimen of heart showing the rough surface and shaggy coat of fibrin covering the 
heart. 


Fig. 4.—Gross specimen of heart showing the secundum type of atrial septal defect. 


Fig. 5.—In this specimen the ascending aorta has been split open to show the normal aortic valves. 

Fig. 6.—Ascending aorta has been split open to show the tremendous aneurysm of the ascending 
aorta. The intima appears ruptured immediately above the cusps and a denudated area covers the 
media along the circumference. 
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Figs. 5 and 6.—(For legend see opposite page.) 
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Autopsy Findings.— 

Gross: The heart was very much enlarged. The pericardium had a dull and finely granular 
surface. It was adherent to the endocardium but could be pulled out leaving a shaggy coat of 
fibrin covering the heart. There was scattered plastic necrotic exudate in the pericardium (Fig. 3). 
The endocardium covering both auricles had a gray appearance and was thickened. There was an 
atrial septal defect of the secundum type, measuring 1.3 cm. in diameter (Fig. 4). The right 
atrium and right ventricle appeared dilated and hypertrophied. The left ventricle was hyper- 
trophied. All the valves and valve orifices were normal (Fig. 5). There was only one coronary 
ostium located in the right lateral cusp. However, the course of the coronary artery beyond the 
ostium was normal. The aorta presented a tremendous aneurysm in the ascending portion, measur- 
ing 22 cm. in circumference (Fig. 6). The intima appeared ruptured immediately above the cusps, 


Fig. 7.—This specimen shows the dissection of the intima of the aorta throughout its entire length 
ending 2 cm. below the bifurcation in the iliac artery. 


Fig. 8.—Section through the pericardium showing the strands of organized fibrin, new blood vessels, and 
multiple, active fibroblasts. There are numerous lymphocytes and macrophages. 
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and a denudated area measuring about 2 to 3 cm. in width and 15 cm. in length covered the media 
along the circumference. However, covering this area were granulation tissues. Immediately 
after the point at which the left subclavian artery arose there was another rupture of the intima, 
and at this point began a dissection of the intima of the aorta, throughout its entire length and 
ending 2 cm. below the bifurcation in the iliac arteries (Fig. 7). The pulmonary arteries were 
dilated. The lungs appeared emphysematous all over. The gall bladder was full of multiple, 
small, hard yellowish stones. The spleen was markedly enlarged. The uterus was hypoplastic 
and small, measuring 6 cm. in length, with half of this belonging to the cervix. 

Microscopic: Sections of the heart revealed a thick layer covering the cardiac surface. This 
layer was formed by strands of organized fibrin, new blood vessels, and multiple, active fibroblasts 
infiltrating this layer. There were numerous lymphocytes and macrophages. The outer surface 
of this layer was formed by organizing fibrin. The pericardium revealed the same characteristics, 
with destruction of the inner layer. The myocardium, however, was not involved in this process 
(Fig. 8). The endocardium appeared thickened in the left auricle, with almost 1:1 ratio to the 
myocardium; however, there was no evidence of fibroelastosis. The mitral valve itself was not 
remarkable. 

Sections of the aorta revealed medial necrosis with some cystic areas of basophilic changes. 
The lamellar pattern of the elastic fibers was disrupted. In the outer part of the media also there 


Fig. 9.—Section of the aorta showing medial necrosis with some cystic areas of basophilic changes. 
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were areas of hemorrhage and congested vasa vasorum. The intimal part of the aorta at places 
presented some plaques of atherosclerosis, while other areas showed almost a complete loss of this 
layer. The adventitia showed fibrin deposits infiltrated with new blood vessels and lymphocytes. 
The pulmonary artery revealed changes similar to those discovered in the media of the aorta 
(Figs. 9 and 10). 


Fig. 10.—High magnification of a section of pulmonary artery showing medial necrosis, cystic areas of 
basophilic changes, and disrupted elastic fibers. 


COMMENT 


Taussig’s case published in 1942, was the first reported case of Marfan’s 
syndrome with aneurysmal dilatation of the ascending aorta.’ In 1943, Glover* 
reported a case showing the dissecting aneurysm of the ascending aorta with 
acute fatal rupture into the pericardial sac. In 1947, Tobin’ reported a case of 
dissecting aneurysm extending proximally to the aortic valve ring and peripherally 
to the iliac arteries. In 1947, Uyeyama‘ reported a large dissecting aneurysm of 
the aorta involving transverse, descending, and abdominal aorta. Up to 1947, 
14 cases of Marfan’s syndrome with autopsy had been reported.® Six of these 
had aortic involvement. Carroll’s case reported in 1948,’ was the fifth case of 
dissecting aneurysm in Marfan’s syndrome. Marvel,’ in 1951, reviewed all of 
the 28 autopsied cases of Marfan’s syndrome. Since then 32 more autopsied 
cases have been added. Out of this total of 60 cases 33 had aneurysmal dilatation 
of the ascending aorta. A total of 18 had dissecting aneurysm of the aorta. 
Our case is another case of Marfan’s syndrome with dissecting aneurysm of the 
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aorta. The unusual features to be noted in our case are: (1) presence of only 
one coronary ostium; (2) secundum type of atrial septal defect; (3) denudated 
granulating area in the ascending aorta; (4) unusually extensive dissecting aneu- 
rysm of the aorta extending 2 cm. below the bifurcation of the aorta; (5) dilatation 
of the pulmonary arteries; (6) shaggy necrotic pericarditis; (7) no sign of subacute 
bacterial endocarditis in the presence of fatal septicemia; and (8) markedly 
advanced emphysema. Our case did not show polyarachnodactyly or dislocation 
of the lens. However, the microscopic picture of the aortic wall was diagnostic 
of Marfan’s syndrome. In addition, there was the typical medial necrosis of the 
wall of the pulmonary artery. This is a finding very rarely reported in the 
literature.®!° The clinical signs of aortic regurgitation in our case may be ex- 
plained on the basis of a long dissecting aneurysm. The femoral systolic pressure 
was low because of the marked occlusion of the femoral arteries by the bulging 
aneurysm. The cyanosis is explained on the basis of atrial septal defect. 


SUMMARY 


A case of Marfan’s syndrome is reported. Autopsy revealed many unusual 
features hitherto not reported in this condition. 
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Valvular Pulmonic Stenosis: Auscultatory and 


Phonocardiographic Characteristics 


Lamar Crevasse, M.D.,* and R. Bruce Logue, M.D.,** Emory University, Ga. 


Until the advent of cardiac catheterization and more accurate diagnosis, 
pulmonic stenosis was considered a rare lesion. It is indeed a common congenital 
heart defect now, accounting for 10 to 15 per cent of the cases with congenital 
heart defects.'* The significance of the pulmonic systolic murmur and the heart 
sounds associated with it has only recently been pointed out.** The majority 
of patients have no significant symptoms until late in the natural course of the 
disease. From an auscultatory and phonocardiographic view point, valvular 
pulmonic stenosis may be divided into three groups: mild stenosis, moderate 
stenosis, and severe stenosis. 

Mild Stenosis.—A pulmonic systolic ejection murmur has usually been re- 
corded following birth, The murmur may become louder with age. The in- 
tensity of the murmur may not be related to the severity of the stenosis, in that 
some of the harshest murmurs may occur with minimal stenosis. Varying with 
the intensity of the murmur, a thrill may be elicited over the pulmonic area. 
The first heart sound is almost always followed by an early systolic ejection 
sound (Fig. 1), giving the impression of accentuation or wide splitting of the 
first heart sound.‘ It varies markedly with respirations, becoming louder with 
deep expiration and diminishing or becoming inaudible with inspiration.‘ Shortly 
following the ejection sound is a harsh Grade 1 to 3 ejection-type systolic murmur, 
the bulk of which is confined to mid-systole (Fig. 2, top phono). 

The pulmonic second sound is pathologically split, ranging from 0.03 to 
0.06 second from the aortic component. This is related to delay in right ventric- 
ular ejection and subsequent delay in closure of the pulmonic valve, and there 
may be further widening with inspiration’ (Fig. 1, bottom phono). The electro- 
cardiogram and x-ray are usually normal except for poststenotic dilatation of the 
pulmonary artery. The pulmonary blood flow usually appears normal. The 
electrocardiogram is usually normal but may show varying degrees of right 
ventricular hypertrophy. 
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Moderate Stenosis.—The ejection sound is usually present, the murmur is 
mid- to late systolic, and the pulmonic component is further delayed 0.06 to 0.10 
second after the aortic. Diminished pulmonary blood flow is usually present 
radiographically. The electrocardiogram shows right ventricular hypertrophy. 

Severe Stenosis.—Severe pulmonic stenosis differs from the former groups 
in that the systolic murmur is further delayed, overriding the aortic component 
of the second sound (Fig. 3). This can best be appreciated by noting the pro- 
longation of the murmur past the end of the carotid pulsation. With severe 
degrees of stenosis and heart failure the murmur may be absent in rare instances. 
Right ventricular hypertrophy and pulmonary ischemia are usually obvious on 
x-ray examination. In the majority of cases the pulmonic component of the 
second sound is audible and recordable, but markedly delayed (0.10 to 0.14 
second) after the aortic component (Fig. 2). The intensity of the pulmonic 
component is related to the degree of delay of ejection of the right ventricle and 
subsequent closure of the valve. 


AORTIC STENOSIS | MAXIMAL APEX 


EXPIRATION INSPIRATIOW 


MAXIMAL 3rd LI.CS. 


EXPIRATION INSPIRATION 


Fig. 1.—Aortic and pulmonic ejection sounds. S)-S2-S; = First, second, and third heart sounds. 


A = Aortic component of second sound; P = pulmonic component of second sound. The ejection sound 
(E) with aortic stenosis persists throughout the respiratory cycle and may be maximal at the apex. The 
ejection sound (E) with pulmonic stenosis varies markedly, with respirations diminishing or becoming 
absent with inspiration and reappearing with expiration. The pulmonic second sound with pulmonic 
stenosis is pathologically split and widens further with inspiration. (Stethograms sen. 4. Paper speed 


75 mm./sec.) 


With relief of pulmonic obstruction by valvulotomy, the murmur changes 
and may now occupy early to mid-systole, corresponding to the shift in maximum 
ejection of the right ventricle. The pulmonic component of the second sound 
increases in intensity and moves in closer to the aortic component of the second 


sound! (Fig. 4). 
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In our experience the pulmonic ejection sound may or may not be present 
with severer degrees of stenosis (Fig. 3), but it is frequently absent because the 
marked prolongation of ejection and diminution of flow into the pulmonary artery 
is unable to rapidly change pulmonary arterial tension which produces the sound. 


MODERATE 


SEVERE RIGHT VENTRICULAR PRESSURE 1%5, mm. Hg. 
10 


Fig. 2.—The bulk of the murmur with mild pulmonic stenosis is confined to mid-systole. There 
is a close linear correlation with the delay in pulmonic valve closure (P) and right ventricular systolic 
pressure as illustrated by the A-P interval. A = Aortic component of second sound; E = ejection sound; 
a = fourth heart sound. (Stethograms paper speed 75 mm./sec.) 


EJECTION SOUND IN PULMONIC STENOSIS 


The ejection sound with pulmonic stenosis occurs on an average of 0.08 
second after the onset of the rise of pressure in the pulmonary artery (Fig. 5). 
It is not related to the opening of the semilunar valves or closure of the atrio- 
ventricular valves.> It is present over the naked pulmonary artery at operation. 
Satisfactory’ pulmonary arterial tracings showing the relationship of pulmonary 
arterial pressure curves to the ejection sound have been difficult to obtain. 
In Fig. 5 is a satisfactory tracing, which was duplicated in another patient 
(Fig. 6). There is tremendous poststenotic turbulence of flow in the pulmonary 
artery, transmitting kinetic forces into lateral pressures and accounting for post- 
stenotic dilatation of this vessel.* Because of the nature of turbulent flow there 
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is marked fluctuation of pulmonary arterial pressure, as previously noted and as 
shown by the staircase nature of the curve. With resting expiration the ejection 
sound is constantly present and coincides with the initial ejection phase (J) 
in the pulmonary arterial trace (allowing for a delay of 0.02 second). It would 


3rd Lt. ics. : RESPIRATORY VARIATIONS OF SYSTOLIC EJECTION SOUND 


20d. Lt. ICS SYSTOLIC MURMUR OVER-RIDING THE AORTIC SOUND 


Fig. 3.—The bulk of the systolic murmur is delayed past mid-systole in severe pulmonic stenosis 
and may override the aortic component (A) of the second sound. Note the striking fluctuation of the 
fourth heart sound (a) and ejection sound (£) with respiration. NO = Absent. = Pulmonic com- 
ponent of second sound. (Stethograms sen. 5. Paper speed 75 mm./ sec.) 
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Fig. 4.—With relief of the obstruction by pulmonic valvulotomy, the murmur now occupies early 
systole, and the pulmonic component (P) of the second sound increases in intensity and moves in closer 
to the aortic component (A) of the second sound. S; = First heart sound. (Stethogramssen. 5. Paper 


speed 75 mm./sec.) 
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seem that with inspiration, increases in negative intrathoracic pressure and 
mechanical stretch from distention of the lungs and descent of the diaphragm 
make the thin-walled, poststenotic pulmonary artery area taut, and the initial 
ejection of blood (J) into the pulmonary artery is unable to suddenly change the 
distensibility of this vessel and produce the high-pitched clicking sound. The 
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Fig. 5.— With inspiration note the increase (3 to 8 mm. Hg) in magnitude of the initial rise in pres- 
sure (J) in the pulmonary artery and disappearance of the ejection sound (EZ). With expiration the 
initial pressure increase diminishes from 7 to 4 mm. Hg, and the ejection sound reappears. The numbers 
2, 3, 4 arbitrarily identify the remaining pulmonary arterial pressure fluctuations. P = Pulmonic com- 
ponent of second sound. NO = Absent ejection sound. The same sequence of events was duplicated 
in another patient (Fig. 6). (Phonos: logarithmic filter; paper speed 25 mm./sec.) 


increase in magnitude of the initial forces (J) and recoil reflect the alteration in 
initial tension of the vessel, as well as an increase in rate and volume ejection 
of the right ventricle with inspiration. If alteration in right ventricular ejection 
with inspiration alone were responsible, it should make the sound louder or dis- 
place it further into the murmur. With expiration, the poststenotic area be- 
comes slack, and the initial ejection phase of the right ventricle produces sudden 
tensing of the area, creating the ejection sound. This situation can be demon- 
strated best with a sheet of paper. When the paper is tensed, sudden increases 
in tension produce no significant sound, but when the paper is slack, a sudden 
increase in tension produces a striking sound. It is not a contact sound because 
it is present over the naked pulmonary artery at operation. An aortic ejection 
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sound varies little with the respiratory cycle, probably because of the thickness 
and stability of the aorta, which is uninfluenced by changes in respiration (Fig. 1, 


top phono). 


THE SECOND SOUND 


The pulmonic second sound is pathologically split and this splitting is audible 
and recordable in the majority of cases of pulmonic stenosis.‘ The first component 
is aortic and the second is pulmonic.?. With pulmonic stenosis there is a greater 
resistance to right ventricular outflow, with delay of ejection and subsequent 
closure of the pulmonic valve. We have been able to corroborate Leatham’s 
observations that there is an excellent linear correlation between the degree of 
stenosis as reflected by the aorticopulmonic interval and right ventricular sys- 
tolic pressure* (Fig. 2). 
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Fig. 6.—Duplication of the tracing in Fig. 5, from another patient showing the same respira- 
tory relationships between the initial pressure rises in the pulmonary artery (JZ) and the presence or 
absence of the ejection sound (£). 


Method.—A Sanborn twin-beamed phonocardiograph was used to record heart sounds, using 
the logarithmic filter. 

The aortic component was identified by matching comparable cycles of apex phonocardiograms 
with those taken in the third left intercostal space at resting expiration. The aortic. component 
is transmitted well to the apex, while the pulmonic component is rarely recorded there.’ The 
majority of tracings were made in close proximity to catheterization, and there is little variation 
in the aorticopulmonic interval from beat to beat at quiet resting expiration. The interval was 
measured from the beginning of the aortic component to the beginning of the pulmonic component. 
The reliability of this method was substantiated by phonocardiograms taken during simultaneous 
cardiac catheterizations (Figs. 6 and 7). 


In Fig. 7 are 10 consecutive cases of pulmonic stenosis in which the aorti- 
copulmonic interval is correlated with right ventricular systolic pressure. The 
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method of linear correlation is excellent and far superior to that using the height 
of the R wave in Lead V;, in the same 10 patients (Fig. 8). The former method 
is a valuable and inexpensive aid in the estimation of right ventricular systolic 
pressure in regard to follow-up and ultimate selection of patients for surgery. 
The pitfalls in recording this interval are: (1) a small day-to-day variation of 
0.02 second, related to alterations in right ventricular contractility; (2) recording 
at resting expiration when the sounds are closest and with right ventricular inflow 
as stable as possible; (3) a breakdown of linear correlation with very low and very 
high degrees of stenosis; (4) inability to record the pulmonic second sound (but 
this in itself is a valuable sign of severe stenosis‘). 
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Fig. 7.—The correlation of the aortic and pulmonic intervals by phonocardiography with right 
ventricular systolic pressure at catheterization has a close linear relationship and is superior to the 
method using the height of the R wave in Lead V; in the same 10 patients (Fig. 8). 
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Fig. 8.—The height of the R wave in Lead V; in the same 10 patients as in Fig. 7 is correlated with 
right ventricular systolic pressure. 


DISCUSSION 


There are several murmurs occurring in the pulmonic area which are com- 
monly confused with mild valvular pulmonic stenosis. Electrocardiography and 
fluoroscopy of the chest may be of little help, because the findings by these 
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means are usually within normal limits. Electrocardiography may even be 
misleading in children, showing right ventricular preponderance with the murmur 
of aortic stenosis maximal in the pulmonic area or mid-sternum, thereby indicating 
a diagnosis of pulmonic stenosis. The auscultatory and graphic characteristics 
of the murmurs and accessory sounds provide the real clues in differentiation. 
Atrial septal defect differs in several ways. The murmur is an early systolic 
flow murmur of much less intensity. There is wide, fixed splitting of the second 
sound.* There is a prominent left parasternal lift and diastolic filling sound, a 
reflection of a large left-to-right shunt. A pulmonic ejection sound occurs less 
frequently than in pulmonic stenosis. 
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PULMONARY STENOSIS 
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VENTRICULAR SEPTAL 2nd. L.1.C.S 
Fig. 9.—The graphic features of stenotic pulmonary systolic murmurs occurring in the second 

left intercostal space are contrasted. The ejection sound (£) and second sound (S2) (A, P) are the best 


means of differentiation, since aortic stenosis and ventricular septal defect occasionally are maximal 
in the second left intercostal space, simulating pulmonic stenosis (see text). (Paper speed 75 mm./sec.) 


Aortic stenosis and ventricular septal defect occasionally are maximal 
in the second left intercostal space (Fig. 9). The murmurs all may be diamond- 
shaped, but mild aortic stenosis occupies early systole, ending well before the 
aortic second sound, which is narrowly split or single, related to merger of the 


gaat 

| 

2nd. L.1.C.S. 

AORTIC STENOSIS MAXIMAL 


906 CREVASSE AND LOGUE 


aortic and pulmonic components of the second sound. The ejection sound with 
aortic stenosis is usually maximal at the apex and varies little with respirations. 
Ventricular septal defect is pansystolic, ending with a second sound which is 
normally split and of normal intensity as long as pulmonary arterial pressure is 
normal.® A loud’ ventricular filling sound (S;) is usually present, and its magni- 
tude parallels thedegree of shunt. 


tite 


WITH INTACT VENTRICULAR SEPTUM 


WITH ANOMALOUS PULMONARY DRAINAGE 


Fig. 10.—A third heart sound (S;) reflecting rapid ventricular filling or dilatation is unusual in 
compensated moderate to severe pulmonic stenosis, and when present, it is a valuable clue to the presence 
of an associated defect or shunt, namely, atrial septal defect and/or anomalous pulmonary venous drain- 
age. S; = First heart sound; S2 = second heart sound; S, = fourth heart sound. A-P = Aortic and 
pulmonic components of second sound (Se). 


When a ventricular filling sound (S;) (Fig. 10) is present with moderate to 
severe compensated pulmonic stenosis, either atrial septal defect or anomalous 
pulmonary veins, or both, are usually present. This is related to rapid ventricular 
filling produced by the added shunt. This observation has been a valuable clue 
to the association of pulmonic stenosis with other lesions. In the cyanotic child 
the wide splitting of the second sound and associated ventricular filling sound are 
helpful in differentiating pulmonic stenosis with atrial septal defect from tetralogy 
of Fallot, where the second sound is usually single and a third sound is rarely 
heard. 
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SUMMARY 


1. Mild pulmonic stenosis has an early systolic ejection sound and a 
characteristic mid-systolic ejection murmur followed by pathologic splitting 
of the second sound. The aorticopulmonic interval by phonocardiography is 
0.03 to 0.06 second, and right ventricular systolic pressure is usually less than 
60 mm. Hg. 

2. Moderate pulmonic stenosis has an aorticopulmonic interval of 0.06 to 
0.10 second, and right ventricular pressure ranges from 60 to 100 mm. Hg. 

3. Severe pulmonic stenosis has a late systolic ejection murmur which may 
override the aortic second sound. The pulmonic second sound is markedly 
delayed in closure, and an ejection sound may or may not be present. The 
aorticopulmonic interval is usually 0.10 to 0.14 second, and right ventricular 
systolic pressure is more than 100 mm. Hg. There is the usual overlap of the 
groups. 

4. We have been able to further corroborate Leatham’s observations that 
there is a close linear relationship between the degree of stenosis as reflected by 
right ventricular systolic pressure and the delay in closure of the pulmonic valve. 
This is a valuable aid in assessing the status of pulmonic stenosis, and is more 
reliable than using the height of the R wave in Lead V3. 

5. We believe that the pulmonic ejection sound which disappears with 
inspiration and reappears with expiration is related to mechanical alterations in 
the initial tension of the poststenotic pulmonary artery, owing to the respiratory 
cycle. The aortic ejection sound varies little with the respiratory cycle. 

6. When a ventricular filling sound (S;) is present with moderate to severe 
pulmonic stenosis, an atrial septal defect and/or anomalous pulmonary venous 
drainage is usually associated with it. 

7. Aortic stenosis and ventricular septal defect both may present as stenotic- 
type murmurs, maximal in the second left intercostal space, simulating pulmonic 
stenosis. The graphic character of the systolic murmur, second sound, and ejec- 
tion sounds are the best means of differentiation, because location, electrocardiog- 
raphy, and x-ray may be of little value in the mild defects. 
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Congenital Stenosis of Pulmonary Veins at Their Atrial Junctions 


Frank E. Sherman, M.D., William F. Stengel, M.D., and 
S. Richard Bauersfeld, M.D., Pittsburgh, Pa. 


This case presentation concerns an infant who died of cor pulmonale due to 
congenital obstruction of three of the five pulmonary veins at their atrial 
terminations. This exceedingly rare congenital anomaly permits observation of 
the changes produced in pulmonary tissue by severe stenosis of the pulmonary 
veins. Also, anatomic study indicates that surgical correction of this type of 
stenosis is probably feasible. For these reasons, this case is published in detail. 


CASE REPORT 


Clinical Course.—This 814-month-old white boy was last admitted to the Children’s Hospital 
of Pittsburgh on May 4, 1957, because of ‘‘failure to do well.” 

Both parents were suffering from hay fever, and one sibling from asthma. The remaining 
three siblings were enjoying good health. 

Pregnancy and delivery had been uncomplicated. The birth weight was 3,320 grams. The 
neonatal period was not remarkable. His mother, considered to be a reliable informant, stated 
that his progress had been normal until he was about 314 months of age, when he began to eat 
poorly and developed ‘‘one cold after another.’’ These “‘colds,’’ which consisted of episodes of 
fever, cough, and noisy breathing, failed to respond to a variety of antibiotics. It was during one 
of these episodes that his pediatrician suspected enlargement of the heart and pneumonia. For 
these reasons the patient was admitted for the first time on March 21, 1957. On admission his 
rectal temperature was 102° F., and he was in respiratory distress as evidenced by retraction of 
intercostal spaces and rapid respiratory rate. Coarse rales were heard throughout the chest. 
There was no change to percussion. There were no thrills nor murmurs, and the femoral pulses 
were easily palpated. The liver was 1.0 cm. below the costal margin, and there were no other 
palpable abdominal masses. During this admission, chest films revealed widely disseminated, 
stringy shadows of increased density lying almost exclusively posteriorly. (These shadows had 
not completely disappeared at the time of discharge.) Enlargement of the pulmonary conus was 
also noticed on the films, and there was right axis deviation on the electrocardiogram. Urinalysis 
was normal. Hemoglobin was 10.0 Gm./100.0 ml. The hematocrit was 32 per cent. The white 
blood cell count was 14,150/mm.’, with 64 per cent polymorphonuclear leukocytes, 5 per cent meta- 
myelocytes, 28 per cent lymphocytes, 1 per cent monocytes, and 2 per cent eosinophils. Blood 
urea nitrogen and serum electrolytes were within normal limits. Total protein was 7.3 Gm./100 
ml. A sweat test helped to rule out mucoviscidosis (chloride 17.4 mEq./L. and sodium 14.0 
mEq./L). Trypsin was present in the stools. Intradermal tuberculin test (1:100, OT) was nega- 
tive. Blood culture proved sterile. Culture of the throat yielded Escherichia coli, N. catarrhalis, 
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and 8 hemolytic streptococci. Therapy consisted of penicillin, streptomycin, and oxygen. The 
progress was slow, but the physical signs of pulmonary disease cleared, and the child was discharged 
on April 14, 1957. 

After discharge there was a short period of improvement, but symptoms returned, and on the 
day before his second and last admission on May 4, 1957, cough accompanied by vomiting de- 
veloped. 

Physical findings on his last admission revealed increased resonance of the chest. RAles 
were not heard but breathing was noted to be “noisy.’’ Ps: was greater than Ax. No murmurs 
nor thrills were present. The point of maximal impulse was within the mid-clavicular line. The 
liver was 1.0 cm. below the costal margin, and there were no other abdominal masses. His hemo- 
globin was 9.8 Gm./100 ml. The hematocrit was 35 per cent. The white blood cell count was 
22.200/mm.*, with 68 per cent polymorphonuclear leukocytes, 3 per cent metamyelocytes, 28 
per cent lymphocytes and 1 per cent eosinophils. A total eosinophil count was 220/mm.* Urinaly- 
sis revealed a specific gravity of 1.030, pH 5.5, albumin 2+, and sugar negative. Micrococcus 
pyogenes var. albus and 8 hemolytic streptococci were grown from the nose. Cultures of the blood 
and spinal fluid yielded no growth. The spinal fluid was clear and contained no cells. A roent- 
genogram of the chest revealed increased densities in the hilar portions of the lungs. The heart 
was moderately enlarged, and the apex rounded. The right atrium was enlarged and the pulmo- 
nary conus was prominent (Fig. 1). On the second hospital day the child was noted to be dyspneic 
and pallid. His pulse rate was 150 per minute. Fine rales had appeared in the right posterior 
chest. Although he was critically ill, death was not anticipated when it occurred on May 6, 1957. 

Autopsy Findings—The anatomic cause of death was extreme pulmonary hyperemia with 
edema and multiple hemorrhages of the lungs. These changes were associated with cor pulmonale 
secondary to congenital pulmonary vein obstruction. Changes of interest were limited to the 
thoracic organs. 

Gross examination: The heart and lungs were not weighed because they were kept together 
with the mediastinal tissues as a single specimen. 

Cardiomegaly due to right-sided dilatation and hypertrophy was quite marked (Fig. 2). The 
greatest transverse diameter of the heart was 7.0 cm., while the chest at the same level measured 
11.0 cm. The right ventricular myocardium was reddish-brown and uniformly firm. It was 
6.0 mm. thick in both the lateral wall and the conus. This measurement did not include the 
markedly hypertrophied trabeculae carneae. The apex of the heart was markedly rounded and was 
composed of right ventricular myocardium. There was slight patchy clouding of the ventricular 
endocardium, but there was no true opacity.“ The pulmonary artery had an outside diametervof 
21.0 mm., as compared to 11.0 mm. for the aorta. The ductus arteriosus wasobliterated. The 
right atrium was dilated and it had a thin wall. The foramen ovale was probe-patent, and the 
orifice of the coronary sinus was not unusual. There was no alterationof tricuspid or pulmonic 
leaflets. The left ventricle was of average size and was unaltered. 

The primary alteration was in the pulmonary veins at their junctions with the left atrium 
(Fig. 3). There were five pulmonary veins, one from each lobe. The veins draining the left 
upper and right middle lobes were widely patent and were unaltered. The orifices of the three 
veins draining the right upper and both lower lobes were stenotic on gross examination. None 
of these orifices would admit a fine probe. In none of these veins was the stenotic portion more 
than 5.0 mm. long. The obstruction in each instance began at the atrial endocardial surface and 
extended along the course of the veins. The narrowing consisted of intrinsic thickening of the 
walls without change in the external diameter of the veins. Only minimal dilatation of these 
veins was noticed as they were opened through the unobstructed portions of their extrapulmonary 
courses. There was no significant hypertrophy of the vessel walls on the pulmonary side of the 
obstruction. No hint of the obstruction was detectable from external inspection, but the ob- 
structed veins from the lower lobes were placed more superiorly than usual, inserting at a level 
with or slightly superior to the veins from the upper lobes. The pale, unstained intimal surfaces 
were smooth. There was no evidence of thrombosis, either recent or old. 

Mediastinal dissection of the fixed specimen revealed five small peribronchial veins, all less 
than 1.0 mm. in diameter, to extend from the hilum of the right lung to the mediastinum, where 
they joined the mediastinal veins, and formed plexuses about the mediastinal lymph nodes (Fig. 4). 
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Fig. 1.—This posteroanterior film of the chest (5-4-57) shows enlarged pulmonary conus and right atrium 
The vascular markings are increased in the lung fields. 


Fig. 2.— Right ventricular hypertrophy is accompanied by enlargement of the pulmonary artery and 
lungs that remain voluminous after removal. 
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Fig. 3.—In this posterior view of the opened left atrium, the lungs have been turned so that their 
apices point toward the apex of the heart. The vein from the left upper lobe is patent and lies inferior 
to the obstructed left lower lobe vein. 

Fig. 4.—Moderate enlargement of bronchial and mediastinal veins is demonstrated in this photo- 
graphs 
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Drainage of the mediastinal veins was into the superior vena cava. Four similar peribronchial 
veins were found extending from the left hilum into the mediastinum. Enlargement of the medias- 
tinal vein orifices in the superior vena cava was equivocal. 

The lungs collapsed only slightly when the thorax was exposed. The pleural surfaces were 
smooth and shining, and varied from dark brown to purple in the right lower lobe. They were 
pale brown elsewhere. These lungs were subcrepitant, and when compressed, tended to spring 
back to their original shape. The right lower lobe was different in consistency from the rest of the 
lung. It was uniformly firm and contained large, irregular, blotchy regions of hemorrhage. Two 
small, firm, irregular nodular regions could be palpated in the left lower lobe. There was no 
obstruction of the pulmonary arteries or the bronchi. 


Fig. 5.—This field is typical of the capillary hyperemia and exudation of macrophages found in 
patchy regions throughout the obstructed lobes and occasionally in the unobstructed lobes. Hematoxy- 
lin and eosin, magnification X 140. 


Microscopic description: Sections made from obstructed and unobstructed lobes were com- 
pared. Both contained small focal regions of air-containing alveoli. However, most of the paren- 
chyma, especially in the lobes drained by the stenotic veins, showed severe capillary distention 
and hyperemia (Fig. 5). This hyperemia was frequently accompanied by protein-rich edema 
fluid, which lay in the alveolar spaces and extended in some regions to alveolar ducts and bronchi- 
oles. In the latter positions this fluid stained densely and had the fibrillar quality of fibrin. Hem- 
orrhage was present only in a few focal regions. Many intra-alveolar macrophages were dis- 
seminated throughout. ,These macrophages tended to have dense eosinophilic cytoplasm, and 
small, dark, centrally placed nuclei. Some were multinucleated, containing as many as four 
nuclei. Erythrophagocytosis was occasionally observed, but hemosiderin was present in only 
a few of these cells. Patchy regions of atelectasis with fibrous thickening of alveolar walls were 
scattered throughout the obstructed lobes. Acute exudate was conspicuously absent, except 
in the right lower lobe, where it was patchy and minimal. 
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Proliferative thickening of the muscular coats of pulmonary arterioles was the most striking 


vascular change. There was no essential difference in this change in the obstructed and the un- 
obstructed lobes (Figs. 6 and 7). The smaller the arteriole, the more severe was this change. 


Fig. 7. 


Note, 


also, the interstitial exudate (chiefly macrophages). This photomicrograph was taken from the ob- 


structed left lower lobe. Hematoxylin and eosin, magnification x 300. 
Fig. 7.—Arteriolar change similar to that shown in Fig. 6 is seen in the unobstructed left upper 


lobe. Hematoxylin and eosin, magnification xX 300. 


Fig. 6.—Stenosis of an arteriole with thickening of the muscular coat is demonstrated. 
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Fig. 8.—-Alveolar hemorrhage, macrophages, and fibrin-like material are seen in this photomicro- 
graph from the right lower lobe. A bronchiole is occluded by the fibrin-like material; arteriolar changes 
may also be seen. Hematoxylin and eosin, magnification < 140. 


Fig. 9.—In this longitudinal section through the obstructed vein from the left lower lobe, the 
atrial wall lies to the left. The extremely stenotic lumen is discontinuous in this single section because 
of its tortuosity. Note the abrupt ending of myocardial fibers at the atrial junction to the left of the 
photograph. Hematoxylin and eosin, magnification x 9. 
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Large arteries were altered only by dilatation, minimal fraying of elastica, and rare patches of 
mild intimal fibrosis. The veins were dilated, more so in the subpleural than in the hilar location, 
There was some fibrous and edematous thickening of the pleura. Pleural veins were not included 
in the sections, but were not conspicuous grossly. 

Hyperemia in the solid right lower lobe was similar to that in the other lobes, but more severe. 
Small patchy foci of necrotic alveolar walls with accompanying hemorrhage were present in this 
lobe and absent elsewhere. The protein-rich edema fluid was more widely disseminated in this 
lobe than elsewhere, and it extended well into the bronchi (Fig. 8). It was accompanied by oc- 
casional small collections of granulocytes. 


Fig. 10.—The orderly arrangement of the smooth muscle fibers encroaching on the narrow lumen is 
demonstrated. Hematoxylin and eosin, magnification x 300. 


Serial sections were made longitudinally through the atriovenous junction of the pulmonary 
vein from the left lower lobe. These sections revealed severe stenosis rather than atresia (Fig. 9). 
This stenosis was due to loosely, but orderly, arranged longitudinal smooth muscle fibers encroach- 
ing on the lumen of the vein (Fig. 10). This lumen was quite tortuous, and in no place was it as 
much as 0.5 mm. in diameter. Tortuosity prevented tracing of this lumen in any single slide, 
and serial sections were necessary to observe the patency of the lumen. No exudate was noted, 
and there was no evidence of recent or old hemorrhage or thrombosis. 
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DISCUSSION 

Extrapulmonary stenosis of the pulmonary veins is a rare congenital lesion. 
The case reported above is the only instance of such change in a series of 264 
cases of congenital heart disease in the cardiac museum at Children’s Hospital 
of Pittsburgh. A search of the literature has uncovered only three additional 
cases of congenital obstruction of the pulmonary veins. 

Only one of these reported cases closely resembled the case considered in the 
present report. The case was reported by Reye.® It concerned an 8-year-old 
girl who was known to have periods of stupor, and who had a persistent elevated 
pulse rate. She died in congestive failure, and autopsy revealed cor pulmonale 
with right-sided endocardial thickening and atheromas in the large branches of the 
pulmonary artery. In this instance all veins entering the left atrium were stenotic. 
The stenosis was due to thickening of the venous walls by loose bundles of smooth 
muscle without evidence of inflammation or thrombosis. 

A case reported by Emslie-Smith and associates* was that of a 14-year-old 
girl whose symptoms began with cyanosis when she was 2 months old. Cardiac 
catheterization had demonstrated a patent ductus arteriosus, and a higher 
pressure in the pulmonary artery than in the aorta. At autopsy the left lung was 
found to drain normally. Two pulmonary veins of normal external diameter 
emanated from the right lung. The superior right pulmonary vein was obstructed 
at its atrial termination by a membranous diaphragm containing two tiny open- 
ings that admitted only a very fine probe. The lower right pulmonary vein 
appeared to end blindly and did not communicate with the atrium or the superior 
vein. A venous shunt from the right lung to the systemic circuit was observed 
in the form of dilated and tortuous subpleural veins that converged to form a 
large leash that emptied into the azygous vein. A widely patent ductus arteriosus 
was present. Firmness and hemosiderosis present in the right lung were absent in 
the unobstructed left lung. The pulmonary arteries in both lungs were altered 
by atheromas without calcification or thrombosis. Microscopic appearance of 
pulmonary arterioles was not reported. 

A third instance of congenital stenosis of pulmonary veins was reported by 
Andrews.' It was in a 3-year-old girl who also had tricuspid atresia and trans- 
position of the great vessels. The left pulmonary veins were fibrous cords 
only 2 mm. in over-all diameter. They contained tiny endothelialized channels. 
Medial hypertrophy and intimal proliferation of arterioles and small arteries 
were noted in the fibrotic left lung. Fibrosis and vascular change were not present 
in the right lung. 

Two of the three cases from the literature were complicated by additional 
congenital cardiac malformations, while the cases of Reye and the present authors 
were without other congenital cardiac defects. In the complicated cases the 
stenosis was caused by either atresia of veins or a membranous diaphragm. In the 
two uncomplicated cases there were similar stenosing cuffs of orderly, loose 
smooth muscle fibers lying within veins of normal external diameter at their 
atrial junctions. All veins were involved in one instance (Reye’s case), while 
three of five were so affected in the other (the case reported in this paper). 


ry CONGENITAL STENOSIS OF PULMONARY VEINS 917 

Some observations on the anatomy of the uncomplicated cases are of special 
interest to the surgeon. The normal external diameter and insertion of the 
stenotic veins does not permit diagnosis by inspection in the cadaver. It is 
conceivable that variation in color and distensibility may suggest the stenosis 
when viewed during life. However, the loose smooth muscle forming the stenos- 
ing cuffs is rather soft and may not give sufficient resistance to permit diagnosis 
by palpation. It may be necessary to probe these veins in order to establish the 
existence of obstruction. The stenosing cuff begins at the atrial endocardium 
and is less than 1 cm. long. On the pulmonary side of this short stenotic segment 
the veins have normally formed walls. Excision of the obstruction, followed 
by anastomosis of the normal portions of the pulmonary veins to the left atrium, 
would seem to be anatomically feasible. 


Anterior cardinal vein 


Omphalomesenteric vein 


Umbilical vein 


Pulmonary vein 


Sino—atrial chamber 


Ventricle 


Fig. 11.—This diagram, modified after Hickie et al.,‘ illustrates the venous plexus shared by the 
foregut and lung buds. Drainage, at this stage, is to the anterior cardinal, vitelline, and umbilical 
veins. The outgrowth from the sinoatrial chamber will fuse with the plexus of veins in the region of the 
lung bud and establish drainage to the atrium. 


Fig. 12.—This diagram illustrates the pulmonary return through a common channel. The common 
pulmonary vein and its lobar branches, lying within the dotted lines, will be incorporated in the left 
atrium as growth progresses. 
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We agree with Reye® that the absence of inflammation, hemorrhage, and 
thrombosis and the orderliness of the stenosing tissue indicate a congenital 
malformation as the cause of this type of stenosis. This must occur in a stage of 
development after the formation of the pulmonary vein and after the disap- 
pearance of the pulmonary anastomoses with the anterior cardinal, vitelline, and 
umbilical veins (Fig. 11). Stenosis occurring before these anastomosing channels 
are obliterated would probably result in anomalous pulmonary venous connection 
to the systemic return by persistence of one of these channels. The common 
pulmonary vein is present in the 2-cm. embryo. It is slowly incorporated into 
the left atrium by a process of differential growth that is not quite complete in the 
9-cm. embryo.* Incorporation of the branches of the pulmonary venous trunk 
by this growth process is the method by which the orifices of the pulmonary veins 
come to lie in their normal positions (Fig. 12). An overgrowth or failure of in- 
volution of smooth muscle in the terminal portion of the pulmonary veins could 
account for the stenosis. The superior positions of the veins from the lower 
lobes suggest an alteration in the incorporation of the venous trunk and its 
tributaries into the left atrium. 

The changes that occur secondary to the venous obstruction are pulmonary 
hypertension and hyperemia, and some degree of shunting of pulmonary venous 
return to systemic veins via bronchial veins. These changes are reflected in the 
clinical course. 

Anatomic changes related to pulmonary hypertension in the case reported 
here were the cor pulmonale and a generalized thickening of arteriolar walls. 
The involvement of unobstructed as well as obstructed lobes in the arteriolar 
hypertrophy in our case differs from the findings in a case of acquired (inflam- 
matory) obstruction reported by Edwards and Burchell,’ in which the single 
unobstructed lobe was not affected by arteriolar occlusive change present in the 
obstructed lobes. The occlusive change in their case of acquired pulmonary 
venous obstruction was interpreted as a protective mechanism to prevent exces- 
sive capillary congestion. 

Capillary hyperemia, hemosiderosis, and focal fibrosis as described by 
Andrews! were present in the case herein reported; these changes were confined 
essentially to the obstructed lobes. The capillary hyperemia probably indicates 
increased capillary tension. Hypertension in the capillaries would help to explain 
the abundance of fibrin-containing fluid exudate in foci of inflammation noted 
in the obstructed right lower lobe, where but a minimum of acute cellular exudate 
was present. This fluid exudate, with accompanying small hemorrhages, blocked 
terminal bronchioles and might explain the severe respiratory distress suffered 
by this patient during minor respiratory infections. Healing of such inflammatory 
foci by organization could explain the patchy distribution of fibrosis in obstructed 
lobes. 


SUMMARY 


1. A case of congenital stenosis of the pulmonary veins is presented. 
2. The brief literature on congenital pulmonary venous stenosis is reviewed. 
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Only one similar case was found. Two other reported cases of congenital stenosis 
were complicated by cardiac anomalies and presented different types of stenosing 
lesions. 

3. The anatomy of this lesion with special reference to the possibility of 
surgical correction is discussed. 

4. The secondary effects of pulmonary venous obstruction in this case are: 
pulmonary hypertension, hyperemia, edema, focal fibrosis, hemosiderosis, an 
unusual response to inflammation, and some shunting of pulmonary venous 
blood to the systemic return. 
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A Vector Study of the Delta Wave in ‘‘'Nondelayed” Conduction 


Zang Z. Zao, M.D., George R. Herrmann, M.D., and Milton R. Hejtmancik, M.D. 
Galveston, Tex. 


In 1915, Wilson! described ‘‘a case in which vagus influenced the form of the 
ventricular complex of the electrocardiogram,”’ that is, short P-R interval and 
long QRS duration were present in the classic limb leads. Subsequently, this 
became known, among other names, as the Wolff-Parkinson-White (WPW) 
syndrome because of the first comprehensive study by the corresponding authors,” 
or as the Wilson-Wolff-Parkinson-White (WWPW) syndrome in due honor of 
its originators.* The initial slurring of the R deflection has been designated as the 
delta wave.‘ But even though almost 200 papers on the subject have been ac- 
cumulated, the cause of the delta wave remains obscure. 

From a body of about 50 theories concerning its cause one may distinguish 
two basic ideas for the appearance of the delta wave: the impulse of the delta 
wave conducted through an accessory atrioventricular pathway; and the impulse 
of the delta wave conducted through the normal conductive system without the 
normal delay in the atrioventricular node. 

Recent extensive, experimental work of Prinzmetal and associates’ is in favor 
of the second idea. They were unable to produce this electrocardiographic 
syndrome in dogs when the bundle of His wascut. Therefore, until our knowledge 
of this is finally complete, it is at present reasonable to assume that the syndrome 
may be caused by an impulse traveling over the normal conductive system in the 
absence of a normal delay in the atrioventricular node. In other words, there is 
the existence of a “‘nondelayed”’ conduction. 

In vector study of the electrocardiogram of ‘‘nondelayed’’ conduction one 
may distinguish a main vector of the delta wave, a main vector of the remaining 
QRS complex, and the angle defined by the two vectors. This paper concerns 
such studies in the RLF plane. 


THE STUDY 


Altogether, 50 limb lead electrocardiograms of 50 cases of ‘‘nondelayed’’ conduction were 
chosen from this laboratory. The P-R interval was 0.12 second or less; the QRS complex was 0.10 
second or more with gradual initial slope and slurring, the delta wave. The P-J interval was either 
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of normal duration or shorter. Variations have been excluded, such as short P-R interval with 
normal QRS duration, concertina effect, and others.*:? The Sanborn Viso-Cardiette was the re- 
cording instrument. 

Of each electrocardiogram the delta wave vector,* the remaining QRS vector, and the angle 
between the two vectors were obtained in the circular system, derived from the Einthoven tri- 
angle by us previously.*® 

Fig. 1 shows the circular system. It consists of six concentric polarity circles representing, 
from within outward, the limb leads I, II, III, R, L, and F. Each polarity circle is composed of a 
positive semicircle (white), a negative semicircle (dotted), and two zero potential boundaries. 
Any vector residing in the positive semicircle will yield a positive deflection in the respective lead, 
any in the negative semicircle a negative deflection, and any coinciding with one boundary an 
isoelectric line or a transitional complex. This system divides the RLF plane into 24 directions 
with 15 degrees of angulation between them. 

The electrocardiogram reproduced below the system in Fig. 1 was selected at random by way of 
example. The white arrow in the system indicates the delta wave vector, and the black arrow 
indicates the remaining QRS vector. The angle between the two vectors is seen to be 15 degrees. 

The total data are presented in Table I. Tables II and III give, respectively, the directional 
incidence of the two vectors and the incidence of the various angles. Fig. 2 illustrates the direc- 
tional incidence in percentage of the delta wave vector in the RLF plane. In Fig. 3, A illustrates 
the directional incidence in percentage of the remaining QRS vector, and B illustrates the incidence 
in percentage of the various angles. 

The average delta wave vector was calculated to have an approximate direction of +20 
degrees, and the average remaining QRS vector, a direction of +10 degrees. The average angle 
was about 30 degrees. 


TABLE I. THE DELTA WAVE VECTOR (QRS’), THE REMAINING QRS Vector (QRS’’), AND THE 
ANGLE BETWEEN THEM FROM EAcH LimB LEAD ELECTROCARDIOGRAM OF 
‘“NONDELAYED’’ CONDUCTION 


| 
QRS’ | Qrs”’ ANGLE Qrs’ | Qrs”’ ANGLE 
| (DEGREES) | (DEGREES) es ECG | (DEGREES) | (DEGREES) | (DEGREES) 


+15 +15 | +75 
+30 —15 +75 
—15 —45 | +45 
+75 +75 — 30 
+90 +105 +105 
—45 —45 —15 
—45 —75 : | : 0 
+15 —45 || 3: +45 
+75 +75 +105 
—75 —105 1] d — 30 
—45 0 | +15 
| -60 | +30 

0 —45 +75 
+15 | i | +45 

+45 +60 || — 30 
+60 +45 —15 
—15 +75 —15 
+15 0 | +15 
+15 +45 — 30 
+15 +30 | | | =15 
+30 +75 +75 
+15 —15 +45 
+15 -15 | | +15 
+15 ~ ae | | —30 
+60 +45 | +15 


*In this paper it means direction only, no magnitude is concerned. 


+75 0 

+45 | 30 

| —-45 | 90 

—45 15 

+90 15 

=15 | 0 

+60 | 60 

—45 | 90 

+90 | 15 

10 —30 0 
11 —75 90 
+15 | 15 
0 
4 «| 0 45 
| —30 | 0 
16 +45 |” 60 
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TABLE II. THe DirectTIiOoNAL INCIDENCE OF QRS’ AND QRS” IN THE RLF PLANE 


DIRECTIONS ors” 
(DEGREES) (DEGREES) (DEGREES) 
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TABLE III. THE ANGULAR INCIDENCE IN THE RLF PLANE 


ANGLES 
(DEGREES ) ELECTROCARDIOGRAMS 


13 
12 
11 
7 
3 
4 


50 


DISCUSSION 


In slow motion cinematography, Prinzmetal and associates® studied in great 
detail the myocardial kinetics of the exposed dog heart. By means of a combined 
cinemato-electrocardiographic technique they were able to demonstrate a pre- 
mature, weak, localized myocardial contraction associated with the inscription 
of the experimentally induced delta wave, and a subsequently normal contrac- 
tion of the remaining ventricular musculature with that of the rest of the QRS. 
Their experimental data have been utilized to explain the clinical findings. We 
were of the opinion that the vector of the delta wave could be used to indicate 
the site of the premature, localized contraction. 

Fig. 2 illustrates the directional incidence in percentage of the delta wave 
vector. These vectors all reside at the left half of the RLF plane. If indication 
could be made from the above finding as to the site of the premature, localized 
contraction, such a site would be an area of the ventricular wall facing the left 
half of the RLF plane. The average delta wave vector was calculated to be +20 
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degrees. However, this could not be the true direction. When volume conductor 
property and lead vector projection were considered,® we found that the cor- 
responding true direction would be most likely 0 degrees. In other words, the 
frequent site of the premature, localized contraction would be approximately the 
left basal ventricular wall of either ventricle. Furthermore, one might postulate 
that in “nondelayed” conduction the fibers in the specific conductive system 
involved were those that innervate preferably the above-described regions. 


Fig. 1.—The circular system, and a limb lead electrocardiogram of ‘‘nondelayed’’ conduction. 


Fig. 3, A illustrates the directional incidence in percentage of the remaining 
ORS vector. The curve resembles that obtained from electrocardiograms of left 
ventricular hypertrophy.’® The average remaining QRS vector was +10 degrees. 
Therefore, a leftward tendency of the remaining QRS activation should be ad- 
mitted. Its cause is unknown. The average angle was narrow, about 30 degrees, 
although individually it could be as large as 90 degrees (Fig. 3, B). 

Until one understands completely the cause of this electrocardiographic 
syndrome, it is at present reasonable to assume that the cause is an impulse 
traveling over the normal conductive system in the absence of a normal delay 
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in the atrioventricular node. This was originally called the accelerated conduc- 
tion.» However, in view of the fact that the assumption was the absence of a 
delay and not the presence of an acceleration, the term “‘nondelayed conduction”’ 
therefore appears to be preferable. 

Finally, it is noteworthy to mention that most recently Hejtmancik and 
Herrmann" studied the largest series thus far of ‘“‘nondelayed”’ conduction and 
found a high incidence among psychopathic patients. This might be considered 


Fig. 3.—A, The directional incidence in percentage of remaining QRS vector in the RLF plane. 
B, The angular incidence in percentage in the RLF plane. 
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Fig. 2.—The directional incidence in percentage of the delta wave vector in the RLF plane. 
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as emphasizing a possible neurogenic origin of the disorder, in agreement with 
Wilson’s observation of the vagus influence in the first study of this disorder 
written over 40 years ago.! 


SUMMARY 


1. At present, the electrocardiographic syndrome discussed could be ade- 
quately described as a ‘‘nondelayed”’ conduction. 

2. The directional incidence of the delta wave vector and remaining QRS 
vector, as well as the angular incidence between them at the RLF plane, were 
studied. The study was based on 50 limb lead electrocardiograms of “‘nonde- 
layed”’ conduction. 

3. The left basal ventricular wall of either ventricle may possibly be the 
frequent site of the premature, weak, localized contraction associated with the 
delta wave vector. 

4. A leftward tendency of the remaining QRS activation was observed. 


ADDENDUM 


After this study had been completed, there appeared in the literature a paper concerning the 
“ventricular precontracting area in the Wolff-Parkinson-White syndrome, demonstrated in man” 
by means of a specific roentgenkymographic technique.” In that paper the site of the premature, 
localized ventricular contraction was compatible with that suggested in the present study from 
an analysis of the delta wave vector in the RLF plane. 
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Acute Myocardial Injury During Cardiopulmonary Bypass 


Robert S. Fraser, M.D.,* and Richard E. Rossall, M.D.,** Edmonton, Canada 


The following report describes electrocardiographic changes which resulted 
from obstruction of the right coronary artery in the course of an operation on the 
heart. 


CASE REPORT 


The patient was a 36-year-old woman with an atrial septal defect. The pulmonary arterial 
pressure was normal. Prior to her admission to hospital for closure of the defect she had been re- 
ceiving digitalis therapy, and this was continued. The cardiopulmonary bypass, using a Lillehei- 
DeWall oxygenator, lasted 23 minutes; during the bypass the aorta was not clamped. Except for 
the electrocardiographic changes, which will be described in detail, the operative course was un- 
eventful. 

Electrocardiographic Changes.—In the preoperative electrocardiogram (not shown), sinus 
rhythm was present and the effect of digitalis was apparent. Immediately prior to the start of 
extracorporeal circulation a nodal rhythm was present, but both the R and T waves, and the S-T 
segments were the same as those seen on the preoperative tracing. 

Progressive elevation of the R-ST segment began shortly after complete bypass was estab- 
lished, and gradually increased for 15 minutes (Fig. 1). At this time the R and T waves formed 
a single large complex. It was then discovered that a retractor placed in the right atrium was 
compressing the right coronary artery in the atrioventricular groove. Between 15 and 19 minutes 
after the start of the bypass the position of the retractor was changed, resulting in regression of the 
abnormal pattern of the electrocardiogram (Fig. 1: 1936’ and 22’24’’). 

The last electrocardiogram, recorded 40 minutes after completion of the bypass, was similar 
to the preoperative tracing: the effect of digitalis was again apparent and sinus rhythm had 
been re-established (Fig. 1: 63’). 


DISCUSSION 


In our experience with more than 60 cardiopulmonary bypasses, electro- 
cardiographic changes of the type described here have been seen only in this 
one patient. There can be no doubt that the changes were induced by inter- 
ference with the myocardial blood supply, and the progression and regression 
of the electrocardiographic abnormalities preclude a diagnosis of bundle branch 
block. 

Elevation of the RS-T segment with upright T waves accompanies injury to 
the myocardium (Goldberger'), and this was the pattern seen here. Kownacki 
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and Kownacki? demonstrated in dogs that partial constriction of the circumflex 
coronary artery gave rise to inversion of the T wave. Further constriction of 
this artery was followed by elevation of the RS-T segment, the terminal portion 
of the T wave becoming positive. Kownacki and Kownacki did not illustrate 
regression of these changes to normal, but the fact that this can occur within 
minutes of restoration of the circulation has been demonstrated by Bayley, La 
Due and York.’ 


7 mins before Bypass 


+12’ 30" +14’ 48" 


On 
Bypass 


AA at 


+ 15/15” +1936" +22/24" 


+ 34’ +63 
Fig. 1.—See text. 


Blumgart, Gilligan and Schlesinger have found that coronary arterial oc- 
clusion lasting 20 minutes or more is likely to be followed by permanent myo- 
cardial damage. In our patient, occlusion lasted less than 20 minutes and the 
pattern of the electrocardiogram returned to the preoperative form. For these 
reasons we believe that no permanent damage resulted from arterial obstruction. 


— 
Bypass(*23) 
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SUMMARY 


Changes in the pattern of the electrocardiogram following inadvertent ob- 
struction of the right coronary artery during cardiopulmonary bypass are de- 
scribed in a patient with an atrial septal defect. 
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An Electrocardiographic Demonstration of Atrial Dissociation 


E. Grey Dimond, M.D., and William L. Hayes, M.D., Kansas City, Kans. 


The purpose of this paper is to present electrocardiograms which demonstrate 
atrial dissociation. The patient repeatedly experienced episodes of ventricular 
standstill, and during one episode an electrocardiographic strip was obtained in 
which two distinct sets of P waves could be clearly defined (Fig. 1). At a subse- 
quent moment the two P waves fused into a single, widened, notched P wave (Fig. 
2), indicating that atrial dissociation was no longer present but that some degree 
of intra-atrial block remained. 


DISCUSSION 


It has recently been emphasized that a distinction should be made between 
true dissociation of the atria and intra-atrial block... The former term indicates 
either that the atria are being activated independently or that a portion of one 
atrium is independent of the bulk of atrial tissue, whereas the latter term applies 
when conduction of electrical activity throughout the atria is prolonged with 
widening or notching of the P waves. 

An extensive review of previously reported cases has been ably done by 
others.!:? Some of these cases seem to demonstrate intra-atrial dissociation, while 
others are questionable. The first case of Bay and Adams? is convincing but 
their second and third cases are suspect as artifacts. The case presented by Hertz‘ 
also seems acceptable, although it has been questioned by others.'? Deitz, 
Marriott, Fletcher, and Bellet! recently presented three cases. In the first case 
artifact seems to be a reasonable possibility. The second and third cases are 
convincing. The second case is interesting in that it demonstrates an increase in 
the rate of one atrial focus until fibrillatory waves resulted uniatrially. - 


The tracings presented in this paper are of interest because they seem to 
represent a clear case of atrial dissociation, and because no previous example of 
atrial dissociation occurring during prolonged ventricular standstill could be 
found. 
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SUMMARY 


Electrocardiograms revealing atrial dissociation occurring during an episode 
of ventricular standstill are presented and described. 
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Correlative Observations on the Electrocardiogram and Morphology of the 
Heart of the Florida Manatee 


S. M. Tenney, M.D., Hanover, N.H. 


Over the years there has been considerable interest in the comparative 
electrocardiography of large mammals. The elephant!? and whale*® have re- 
ceived principal attention because of their extreme size, and instructive data 
have been published on the anatomy of the heart,’ as well as standard electro- 
cardiographic measurements in these animals. It is an interesting and apparently 
overlooked fact that occupying a position midway between the Pachydermata 
and Cetacea in the phylogenetic scale®:* is an order of mammals, facing extinction, 
which possesses a unique anatomic peculiarity of the heart which makes them 
not only of special interest to completing the information on one group of large 
mammals but also adds a note to electrocardiography in general. The Sirenia 
are represented by two distinct genera: the Manatee which ranges the Atlantic 
coasts of tropical and subtropical America, the West Coast of Africa, and the 
East Coast of Africa north to Mozambique; and the Dugong which is found on 
the shores of the South Pacific and Indian Oceans. Anatomic papers*-* many 
years ago called particular attention to the bifid ventricles in the hearts of these 
animals, and Steller described this peculiarity in the now extinct genus which 
bears his name. No note appears to have been taken of possibly unusual func- 
tional properties which this structural feature might engender. Particularly, 
as regards the electrocardiogram, it would be interesting to know if it were possi- 
ble with bifid ventricles to record a ‘‘septal’’ Q wave; or if there were any peculli- 
arity in the morphology of the QRS complex, since the muscle bundles must 
show considerable deviation from the normal mammalian pattern, particularly 
in the region of the apex. 


METHODS 


The electrocardiogram was recorded from a male Florida manatee, Trichechus latirostris 
(Harlan), six years of age and weighing 1,100 pounds, which had been maintained in captivity 
for several years. When the water was removed from the aquarium, the animal was left resting 
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ventral side down, helpless on the bottom, but since this was a frequent procedure associated with 
cleaning, he had apparently grown accustomed to it and exhibited no agitation or restlessness. 
Large surface electrodes were attached to the tail and front flippers, and the three standard leads 
of the electrocardiogram were recorded with a direct-writing portable instrument. 


The anatomic studies were made on a large, mature, male specimen which washed up dead 
on the Florida shore. No obvious cause of death was apparent, and the complete dissection re- 
vealed nothing further to indicate any gross abnormality. Body weight was estimated by several 
observers as between 1,500 and 2,000 pounds. Fig. 1 shows the dissected carcass and the position 
of the heart in the body shell. The heart was fixed in 10 per cent Formalin, and the complete 
dissection was carried out several weeks later in the laboratory. 


Fig. 1.—Carcass of mature manatee with heart and lungs exposed through ventral midline incision. 
Abdominal viscera have been removed. The heart is high in the thorax; the left ventricle is held in 
the left hand. The lungs are long, narrow structures lying dorsally well below the heart and behind the 
abdominal viscera but separated from them by the diaphragm, a portion of which is reflected by the 
right hand. 
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RESULTS AND DISCUSSION 


The heart of the animal which was dissected weighed only 810 grams, an 
extraordinarily small value considered as per unit of total body weight when 
compared to this ratio for other mammals. The low resting metabolism and 
sluggish nature of the manatee probably provide sufficient reason. The bifid 
nature of the ventricles was readily apparent, the cleft extending about halfway 
from apex to base. The region near the base where the ventricles were in approx- 
imation contained much fat, which, on removal, revealed no superficial muscle 
bundles common to the two ventricles in this area. In fact, although the medial 
walls were somewhat adherent, the approximating tissue was almost all fibrous, 
and with careful blunt dissection the two ventricles could be separated up to 
the auriculoventricular junction without damaging any muscle fibers except at the 
extreme base where a few deep fibers appeared to be common to both ventricles. 


Fig. 2.—Artist’s sketch of manatee heart seen from the front. Right atrium is entirely posterior. 


These arose posteriorly from the basal portion of the left ventricle, spiraled in a 
clockwise direction (viewed from the apex) primarily around the aorta, but a 
few fibers crossed, deep in the sulcus, to the right ventricle. Fig. 2 is a drawing 
of this heart with the superficial fat removed. Nothing from the gross appearance 
adds significantly to the descriptions in the old literature except perhaps relative 
to the unique relations of the muscle bundles and a note on the division of the 
anterior descending coronary artery resulting in a separate branch to the medial 
wall of each ventricle (see illustration). Internally, the specialized conduction 
tissue was clearly visualized as a pale gray band running along the medial wall 
of each ventricle, and on histologic examination revealed the expected charac- 
teristics. The aorta and pulmonary artery had thick walls, and no atherosclerotic 
plaques or calcifications were noted. 
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Standard Lead I of the electrocardiogram was adequately recorded (Fig. 3) 
and revealed nothing unusual in general morphology. The P wave was poorly 
defined but probably biphasic; the ventricular complex was characterized by a 
small R wave and a prominent S wave, the latter showing a very small notch on 
the return to base line. The S-T segment was isoelectric and the T wave upright. 


TABLE I, MEASUREMENTS OF MATURE MANATEE HEART 


Weight 810 Gm. 
Thickness of left ventricular wall 16.0 mm. 
Thickness of right ventricular wall 3.0 mm. 
Diameter of pulmonary artery 3.2 cm. 
Diameter of aorta 

Length of left ventricle 

Length of right ventricle 


TABLE II. ELECTROCARDIOGRAPHIC AND ANATOMIC DATA ON THREE CLOSELY RELATED MAMMALS 


| HEART WEIGHT/ 
SPECIES | BODY WEIGHT 


Whale® 0.28 
Manatee 0.26 
Elephant!.? 0.3 


The measurements which are summarized in Table II include for comparison 
those from the most closely related large mammals, and indicate common fea- 
tures of a long P-R interval, normal QRS duration, and long Q-T interval by 
human standards. It is particularly interesting that the ventricular complex 
contains a small initial deflection which would be regarded by some as being of 
“septal” origin; yet, it is difficult to conceive any significant activation of this 
heart across the very short portion near the base where the two ventricles appear 
to have a common wall. In this region the muscles of the two ventricles are 
very readily separated, there being considerable connective tissue and fat between 
them. On the other hand, the bundle of His has divided in this region and there 
may well be an early inequality in rate of invasion of these paths in the two ven- 
tricles which could establish momentary vectors, the resultant of which might 
produce an early transitory deflection. If the spread along each medial wall 
were radially, from specialized tissue out through ventricular muscle, the greater 
mass on the left would make this a predominantly left ventricular effect.'° In 
the manatee heart, without full septum, the initial ventricular deflection so gen- 
erated would be analogous to that commonly called ‘‘septal.”” Even in the usual 
mammalian heart with full septum, the structure is primarily left ventricle, and 
the excitatory process during early invasion of the ventricles may be like that 
in the Sirenian heart. 


RATE RATIO 
—-0.41 0.9-0.12 0.0051 
0.10 0.44 0.0010 
0.16 0.65 0.0044 
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Furthermore, the absence of any prominent abnormality in the QRS pattern 
is pertinent to an evaluation of the significance of the muscle bundle systems as 
conduction systems in the ventricle. Robb has suggested that the excitatory 
process in the mammalian ventricle may cross the interventricular groove and 
then run parallel to the fibers of the muscle bundles,!! and has further presented 
experimental evidence which suggests that interference with these bundles results 
in distinct electrocardiographic patterns,” e.g., a cut of the superficial bulbo- 
spiral muscle resulted in an alteration which looked like a ‘“‘coronary pattern.’ 


Fig. 3.—Standard Lead I of electrocardiogram. Paper speed 25 mm. per second. 


While a complete description of the muscle bundle system in the Sirenian heart 
has not been attempted, it is clear that the bifid nature of the ventricles intro- 
duces a situation in which the usual pattern seen in the mammalian heart cannot 
exist. The superficial bulbo-spiral and the superficial sino-spiral muscles are 
common to both ventricles in the human heart, coursing around the apex, but 
this cannot be true in a heart with two “‘apices.’”” Yet in spite of these gross 
differences the ECG looks “‘normal,’’ and may thus provide an indirect but 
interesting bit of evidence which stands to question the importance of the muscle 
bundles as significant determinants of the morphology of the ECG. 


SUMMARY AND CONCLUSIONS 


1. The Sirenia, an order of large mammals midway between the Pachyder- 
mata and Cetacea in the phylogenetic scale, are of interest not only for the com- 
pletion of electrocardiographic information in this mammalian group, but also 
because a unique anatomic feature of their heart, viz., bifid ventricles, introduces 
the possibility of unusual electrocardiographic contour. 

2. The electrocardiogram was entirely similar to the records published for 
the manatee’s two closest relatives, the elephant and the whale. Nothing dis- 
tinctive was apparent. 

3. The gross appearance of the heart is described briefly. The heart weight, 
expressed as a ratio of total body weight, is the smallest recorded for any mammal. 


The author gratefully acknowledges the kind cooperation of Dr. Perry Sperber and his staff 
at the Sea Zoo, South Daytona Beach, Fla., who made this study possible. 
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hemodynamics (Sancetta, et al.), 212 
some aspects of role of noradrenaline and 
adrenaline in (Euler), 469 
Coarctation of aorta, origin and interpretation 
of murmurs in (Spencer, et al.), 722 
Conducting system, A-V, dissociation with 
interference between pacemakers lo- 
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mographic pattern (Laconi), 73 
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al.), 652 
some clinical notes on patients with 
mitral valvular disease who have had 
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Simplified management 


1 tablet 


my of angina pectoris 


For angina pectoris with hypertension: 


Metamine 


Caminotrate phosphate, Leeming) 


Sustained 


with 


Reserpine 


Routine administration b.i.d. provides 24-hour defense against angina 
pectoris associated with hypertension. Each tablet contains 10 mg. of 
METAMINE in a special sustained-release matrix and 0.1 mg. of reserpine. 


Dosage: | tablet on arising, 1 before evening meal. Bottles of 50 tablets. 


new! 2. For angina in the tense, anxious patient: 


Metaminesc 


(aminotrate phosphate, Leeming) 


Butabarbital 
Sustained 


““Tension-buffered,” b.i.d. management of angina pectoris complicated 
by anxiety and nervous tension. Each sustained-release tablet contains 
10 mg. of METAMINE and 34 gr. of butabarbital. 


Dosage: 1 tablet on arising, 1 before the evening meal. Bottles of 50 tablets. 


and 3. For unsurpassed angina prevention: 


tamine 


Caminotrate phosphate, Leeming, 10 mg.) 


Sustained 


To provide 24-hour protection from classic angina pectoris, with the 
smallest dose and least side-effects. 


Dosage: | tablet on arising, 1 with the evening meal. Bottles of 50 and 500 tablets. 


*PATENT APPLIED FOR 


She. Leeming Co Suc. 155 East 44thStreet, New York 17. 
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Superior 
therapy 


Cardiac 
arrhythmias 


QUINAGLUTE 
DURA-TAB S.M. 


(Brand of Sustained Medication Quinidine Gluconate, 5 gr.) 


INDICATIONS: Premature contractions, 
auricular tachycardia, flutter, fibrillation. 


DOSAGE: For conversion of auricular 
fibrillation to normal rhythm, in most 
cases, 2 Quinaglute Dura-Tab S.M. tab- 
lets 3 to 4 times a day, for 2 to 3 days. 
For maintenance 1 to 2 tablets every 
10 to 12 hours. SUPPLIED: Bottles of 
30, 100 and 250. 


samples, reprint and detailed literature 
WYNN PHARMACAL 


CORPORATION 
5119 West Stiles Street 
Philadelphia 31, Pa. 
1. Bellet, S., Finkelstein, D., and Gilmore, H.: 
A.M.A. Archives internal Med, 100:750, 1957. 
# Patent Applied For 
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Successfully treating various arrhythmias with Quinaglute Dura- 
Tab S.M® Bellet and associates! cite these major advantages 
of this long-acting quinidine gluconate.* 


®@ usually 2 to 3 doses per day — night dose 
avoided. Each dose maintains plasma 
levels for from 10 to 12 hours. 


@ elimination of ‘valleys in plasma concen- 
tration” where arrhythmias tend to recur. 


@ a decided reduction of episodes of ectopic 
rhythm. 


@ better absorption and toleration than qui- 
nidine sulfate. 
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Simultaneously record 
and visually monitor 
biophysical phenomena 


WITH THE NEW MULTI-CHANNEL 


SANBORN 550M Series 
Poly-Beam Photographic Recording System 


SPEED and SENSITIVITY of the 550M System 
permit diagnostically accurate recording of fast 
changing phenomena such as heart sounds and 
small-animal ECG’s and of low-level signals such 
as small-muscle myograms, EEG and fetal ECG. 


VERSATILITY and FLEXIBILITY of the 550M 
design offer many advantages. The system can 
be purchased with only 4 or 6 channels and 
minus the monitoring unit. Additional inter- 
changeable plug-in preamplifiers (up to a total 
of 8), plug-in mirror galvanometer inserts and 
the visual monitoring unit — consisting of an 
electronic switch, vector timer and oscilloscope 
~can be added later. 


ADDITIONAL FEATURES include: entire 6 
inch chart width available to all beams...ability 
of beams to be superimposed and to cross each 
other... photographically registered timing and 
amplitude lines... trace interrupter for beam 
identification ... provision for elimination of 
amplitude lines from part or all of the record 
... Choice of 8 chart speeds from 1.25 to 200 


mm/sec... display on the monitoring unit of up 
to four waveforms at once, or vector loops, as either 
a substitute for or a supplement to the recorder 
... exposed film container can be removed at any 
time under normal light... event marker included 
... provision made for remote control... viewing 
window permits observing and positioning of gal- 
vanometer beams. 


The new 550M Poly-Beam is a completely self- 
contained recording — monitoring system built into 
a single, mobile cabinet only 22” wide and 6’ high. 


Sanborn also offers a new direct-writing recorder, 
the 350M Series —in a 6- or 8-channel system. Plug- 
in “350” style preamplifiers can be used inter- 
changeably with the 550M Series which is identical 
in cabinet size and style. 


Write for the new 8-page 550M catalog, or 
the complete catalog describing the major 
Sanborn instruments for measuring, re- 
cording or monitoring biophysical phe- 
nomena. The Sanborn Branch Office or | 
Service Agency nearest you can also j 
supply complete information on any or 
all Sanborn equipment. 


SANBORN COMPANY 


MEDICAL DIVISION 
175 Wyman Street, Waltham 54, Massachusetts 
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‘CARDILATE’ 


SUBLINGUAL TABLETS 


ANGINA PECTORIS 


“Nitroglycerin and erythro] tetranitrate when administered 
sublingually are among the most effective of all prophylactic 


agents available for the treatment of patients with angina pec- 
toris. The comparatively prolonged duration of action of ery- 
throl tetranitrate makes it especially valuable for clinical use.” 


Riseman, J. E. F., et al.: Circulation 17:22, 1958 


Sublingual administration obviates inactivation 
of nitrites in gastrointestinal tract. 


Most closely approximates nitroglycerin in fre- 
quency and degree of effectiveness. 


‘Cardilate’ brand Erythrol Tetranitrate 
Sublingual Tablets 15 mg., scored. 


BURROUGHS WELLCOME & CO. (U.S.A.) INC. 
Tuckahoe, New York 
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NEW 2-PART PLAN FOR 
TREATMENT OF HYPERTENSION 


First 


for response within 
first 24 hours, 
start patients on 


ow Harmonyl-N 


The synergistic action of HARMONYL and NEMBUTAL produces, usually within the 
first 24 hours, a definite subjective response, so that patients enjoy calmer days, 
more restful nights while high blood pressure begins to fall. Each HARMONYL-N 
Filmtab combines 0.25 mg. of HARMONYL, Abbott’s alkaloid of Rauwolfia 


canescens, with 30 mg. of NEMBUTAL Calcium .. . a standard in Ob Gott 
barbiturate therapy. Suggested dosage is 2 or 3 Filmtabs daily. 


*Filmtab-Film-sealed tablets, Abbott; pat. applied for 


THEN, AFTER TWO TO FOUR WEEKS, WHEN RESPONSE IS ESTABLISHED ... 


| 
3 
| 
Wwe 


NEW 2-PART PLAN FOR 
TREATMENT OF HYPERTENSION 


Second 


maintain improved 
blood pressure levels 
by switching patients to 


Harmony! 


(Deserpidine yi 


When initial tension is overcome and NEMBUTAL’Ss sedation is no longer needed, reg- 
ular HARMONYL will continue to keep blood pressure at desirable levels . . . yet won’t 
hamper patients with an excess of side effects. Clinical tests have shown that 
HARMONYL produces significantly less daytime lethargy than reserpine or the 
alseroxylon fraction, while controlling blood pressure just as efficiently. Thus, 
if patients continue to work while under your care, they can work capably. 


HARMONYL is supplied as 0.1-mg., 0.25-mg. (grooved) and 1-mg. Obbott 
mci tablets. — dosage is 0.25 mg. once or twice a day. 


@©iese, aveotr Lasonaton 
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sustained 
penicillin levels 
with 
one injection 


amount injected duration of penicillinemia 

35 days 
2,900,000 units . . ..s 44 days 


long-acting penicillin 

to supplant repeated procaine penicillin injections 
e in the emergency room 
¢ on the wards 
e in the outpatient clinic 


e in the office or home 


INJECTION 


=) BICILLIN 


Philadelphia 1, Pa. 
LONG-ACTING 


Benzathine Penicillin G, Wyeth 
(Dibenzylethylenediamine Dipenicillin G) 


% 


Hormones control blood and tissue levels of 
fats and related substances such as cholesterol . . . 
rate at which these are synthesized and destroyed 
...and manner in which they are utilized for 
body functioning. Fat metabolism is influenced 
by secretions of the pituitary, thyroid, adrenals, 
ovaries, testes and pancreas, and by action of 
liver and possibly kidneys. 

Diseases of the endocrine glands may lead to 
serious disturbance of metabolism... of fats as 
well as carbohydrates and proteins. In diabetes, 
blood serum levels of cholesterol and other lipids 
are high... and can be changed by administra- 
tion of insulin. In hypothyroidism, there is a 
tendency for fat to accumulate in body tissues and 
for serum cholesterol levels to be high. Adminis- 
tration of thyroxin stimulates an increase in 
metabolism . . . tends to lower serum cholesterol 
...and increases mobilization and oxidation of 
fat from body tissues. 

The “master gland” . . . the pituitary . . . influ- 


ences fat metabolism directly and indirectly... 
through stimulation of other glands. ACTH ap- 
pears to inhibit fat synthesis and to lower serum 
cholesterol levels... probably by stimulating 
production of cortisone and other adrenal hor- 
mones. The “growth hormone” and “sex hor- 
mones” tend to decrease amount of fat synthe- 
sized by increasing energy utilization. Certain 
types of damage to the area of the hypothalamus 
lead to excessive storage of fat. 

The specific roles of hormones . . . individually 
and in balance with each other . . . are not clearly 
understood. However, their importance as 
“chemical regulators” in determining how the 
body handles fats .. . the proportion burned for 
energy ...and the amount stored... is firmly 
established. 

Fat, as present in foods and used in meal 
preparation, contributes to the pleasure of eating 
... with capacity for utilization under control of 
body hormones. 


Since 1915 .. . promoting better health through nutrition research, education 


,The nutritional statements made in this advertisement have 
been reviewed by the Council on Foods and Nutrition of the 
American Medical Association and found consistent with cur- 
rent authoritative medical opinion. 


NATIONAL DAIRY COUNCIL 


A non-profit organization 


111 N. Canal St. + Chicago 6, Ill. 


THIS ADVERTISEMENT IS ONE OF A SERIES. REPRINTS ARE AVAILABLE UPON REQUEST, 
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CHILCOTT 


approaching 
the ideal 
in control of 
severe essential 


hypertension 


“*,.. the ideal hypotensive agent should produce a 
prolonged fall of blood pressure in a large proportion of 
patients ... without serious side effects and without 

the development of tolerance.”” 


Clinical experience indicates that Methium with Reserpine 
closely approaches these standards. For example, when 
administered for 29 months to 22 outpatients with severe 
essential hypertension, Methium with Reserpine helped 
lower blood pressure significantly in 76% of these.’ 

Age range of the majority (65%) was 41-50 years. 

Side effects were mild and, in general, easily controlled. 
No cases of tolerance developed. 


REFERENCES: 1. Cecil and Loeb: Textbook of Medicine, 9th Ed.; 
W. B. Saunders Co., Phila.; p. 1257. 2. Lindauer and Hafkenschiel: 
Hexamethonium Chloride with Reserpine in the Treatment of 
Severe Essential Hypertension; Angiology; 9:1 (Feb.,) 1958. 


Methium 


BRAND OF HEXAMETHONIUM CHLORIDE 


with Reserpine 


December, 1958 
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NEWI 


CAMBRIDGE 


THE FERSATILE ELECTROCARDIOGRAPH 


PAPER SPEED 


One of the many features of the new Cam- 
bridge ‘“‘Versa-Scribe” Portable, Direct- 
Writing Electrocardiograph is the dual 
paper speed. Routine electrocardiograms are 
taken at the usual 25 mm per second paper 
speed. By simply throwing a switch, a 
second paper speed of 50 mm per second is 
available without interrupting the continu- 
ity of the tracing. This dual speed feature is 
especially valuable when higher accuracy 
in measurement of timing intervals is re- 
quired, when interpreting electrocardio- 
grams showing rapid heart rates or those 


CAMBRIDGE 
ALSO MAKES 


the “Simpli-Scribe” Di- 
rect Writing Electro- 
eardiograph shown, the 
“Simpli-Trol” Portable 
Model, Multi-Channel 
Recorders, Pulmonary 
Function Tester, Oper- 
ating Room Cardioscopes, 3 
Educational Cardioscopes, = 
Electrokymographs, Plethysmographs, Ampli- 
fying Stethoscopes, Research pH Meters and 
Instruments for Measuring Radioactivity. 
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Measures: 514" x 10!s"x 17" 
Weighs: 20 pounds 


having notching and splintering. 
The ‘‘Versa-Scribe” is a completely new 
concept in electrocardiographs . . . “‘it does 
more... better!’? This new Cambridge in- 
strument is not only small in size, light in 
weight, and convenient to use, but it com- 
bines superior performance and versatility 
of use to a degree hitherto not available in 
any Direct-Writing Portable Electrocardio- 
graph. The unparalleled versatility of this 
direct-writing instrument is implied by its 
name, “‘Versa-Scribe.”’ 
It does more . . . better! 


Send for Bulletin 188 VS 


CAMBRIDGE INSTRUMENT CO., Inc. 


3713 Grand Central Terminai, New York 17, N. Y. 


Cleveland 11, Ohio, 13000 Triskett Road 

Detroit 2, Mich., 7410 Woodward Avenue 

Oak Park, IIl., 6605 West North Avenue 
Jenkintown, Pa., 479 Old York Road 
Silver Spring, Md., 933 Gist Avenue 


PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 


CAMBRIDGE 


ELECTROCARDIOGRAPHS 
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FOR ANGINA PECTORIS 
AND INTERMITTENT CLAUDICATION 


“DRAMATIC 
INCREASE 


BLOOD 
FLOW 


: 


PETN (pentaerythritol tetranitrate) and ATARAX® (brand of hydroxyzine) 


Relief of pain with petn, “the most effective drug cur- 
rently available for prolonged prophylactic treatment of 
angina pectoris.”! 

Relief of tension. ATARAX breaks down the pain-fear 
complex that can trigger an attack— provides added 
antiarrhythmic2:3 and nonhypotensive effects. 


COMBINED FOR 


“more than just a nitrate vasodilating activity.”* The 
combination, CARTRAX, increases blood flow “in the 
larger arteries as well as in the smaller vessels....” 
Angina patients get greater vasodilation than with-one 
drug alone. 

clinical success in 88% of 42 patients “with electrocar- 
diographic evidence of coronary artery disease, all of 
whom suffered from anginal attacks.”’5 


Dosage and Supplied: Begin with 1 to 2 yellow cartTrax “10” 
tablets (10 mg. peTN plus 10 mg. ATARAX) 3 to 4 times daily. 
When indicated this may be increased by switching to pink 
CARTRAX “20” tablets (20 mg. PETN plus 10 mg. ATARAX). For 
convenience, write “CARTRAX 10” or “CARTRAX 20.” CARTRAX 
should be taken 30 to 60 minutes before meals, on a contin- 
uous dosage schedule. Use PETN preparations with caution 
in glaucoma. In bottles of 100. iti 


NEW YORK 17, N.Y. 


1. Russek, H. I.: Postgrad. Med. 19:562 (June) 1956. 2. Samuels, S. S.: Angiology 9:245 (Aug.) 1958. 
3. Burrell, Z. L., et al.: Am. J. Cardiol. 1:624 (May) 1958. 4. Samuels, S. S.: Angiology, in press. 
5. Ende, M.: To be published. 
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the hypertension 
and the psychic tension 


Now... 


control both 


for fuller patient benefits 


When you prescribe EQUALYSEN for es- 
sential hypertension, your patient bene- 
fits from both objective and subjective 
relief. Through control of both vascular 
andemotionalfactors, EQUALYSEN lowers 
blood pressure, induces remission of 
hypertensive manifestations, relieves 
mental and muscular tensions. The bene- 
fits of ganglionic blockade are increased 
by the concurrent relief of psychic stress, 
and dosage of the blocking agent may 
be reduced in many patients. Your elder- 
ly hypertensive patient in particular will 
benefit from increased symptomatic re- 
lief afforded by EQUALYSEN. Tablets, 
vials of 50 (200 mg. mepro- 

bamate, 20 mg. pentolinium 
tartrate). Philadelphia 1, Pa. 


iieprobamate and Pentolinium Tartrate, Wyeth 


wowers blood pressure and relieves emotional symptoms 
*Trademark 
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In angina pectoris 


Relax the grip 
of fear and pain 


with 


COROVAS 


TYMCAPS 


Feinblatt,* reporting on COROVAS’ disintegration pattern and 
therapeutic effect in the New England Journal of Medicine, states: 

0-3 hours — “During the first hour . . . no significant change 
in pain level . . . during the second hour most 
patients experienced a gradual diminution of 
pain. But at the end of the third hour all 
patients . . . had significantly less pain.” 

3-9 hours — “The blood level of (PETN) remained con- 
sistently high during this period . . . pain 
was substantially well controlled. Most of the 
patients had no pain... .” 

9-12 hours — “Blood levels continued steady . . . Pain was 
substantially reduced in all cases and in most 
cases was completely eliminated.” 


With your angina patients you will discover —as Feinblatt 
found — that COROVAS Tymcaps relax the grip of pain and 
fear ... all day and all night — day after day. 


Formula; Each continuous release COROVAS Tymcap contains: 
pentaerythritol tetranitrate (PETN) 
secobarbituric acid 


Dosage: 1 COROVAS Tymcap on arising — 1 COROVAS Tymcap before the 
evening meal, approximately 12 hours later. 


Supply: COROVAS Tymcaps — boxes of 60 and 120. 


*Feinblatt, T.M. and Ferguson, E.A.: New Eng. J. of Med. (Feb. 21) 1957. a i" 
AMFRE-GRANT, INC. Brooklyn 26, N. Y. AEG) 
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This patient's blood-pressure controlled 
for the first time without side effects 


Remember this particular patient. He typifies the thousands of patients 
involved in a clinical investigation which promises to bring about a major 


change in rauwolfia therapy. The patient is being treated in a Massachu- 
setts hospital. His blood pressure without treatment ranged up to 
220/138; now for the first time, it is being maintained near normal with- 
out side effects. This dramatic case history is part of the story of a remark- 


able new antihypertensive agent Ssingoserp Gyrosingopine CIBA) 


coming as soon as sufficient supplies are available... 


*/2soene from CIBA, world leader in hypertension research. 
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CHLOROTHIAZIDE 


FINNERTY, F. A., Buchholz, J. H. and Tuckman, J.: J.A.M.A. 166:141, 
Jan. 11, 1958. 


DIURIL (Chlorothiazide) given alone to 85 patients, ‘*. . . caused an excellent 
diuresis, with reduction of edema, weight, blood pressure, and albuminuria. . . . 

The average effective dose was found to be 1 Gm. per day by mouth... . The usually 
excellent response coupled with the absence of significant toxicity and lack of 
development of drug resistance makes chlorothiazide ideal for the prevention 

and treatment of toxemia.” 


DOSAGE: one or two 500 mg. tablets of DIURIL once or twice a day. 


SUPPLIED: 250 mg. and 500 mg. scored tablets DIURIL (chlorothiazide); 
bottles of 100 and 1,000. 


Divrit is a trademark of Merck & Co., Inc. 


©1958 Merck & Co., Inc. 


MERCK SHARP & DOHME bivision of MERCK & CO., INc., Philadelphia 1, Pa. MOo) 
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diuresis, with 


reduction of edema, 
weight, blood pressure, \ 
and albuminuria... 


ANY INDICATION FOR DIURESIS 1S AN INDICATION FOR VIA | DIURIL 
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THE 
NEW 
CONTRAST 
MEDIUM 
FOR 
RETROGRADE 
PYELOGRAPHY 
WITH 
ADDED 
ANTIBACTERIAL 
ACTIVITY 


RETROGRAFIN 


Squibb Sodium and Methylglucamine Diatrizoates and Neomycin Sulfate 


for maximum opacification when urinary for routine retrograde pyelography 


tract infection is present or suspected % 
Retrografin provides the same excellent film RENOGRAFIN 30 
quality...exceptional patient toleration...and Squibb Sodium and Methylglucamine Diatrizoates 
optimal convenience in retrograde pyelography _[ts excellent local tissue tolerance and 
as that provided by Renografin 30%. And, in _ proved systemic tolerance, even in the 
fate) for widely effective bactericidal action in Renografin 30% the preferred agent for 


cases with proved or suspected urinary tract routine, optimal density retrograde pye- 


Retrograde pyelography with either Retrogra- 
fin or Renografin 30% is especially useful when 
poor kidney function makes other procedures 
impractical, or when retrograde study will Squibb Quality —the Priceless Ingredient 
provide supplemental diagnostic information. ano Ane squee TAACENARKS 
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50 cc. vials Supplied in 50 cc. vials 


PREVENT 


both cause and fear of 


ANGINA 
ATTACKS 
Miltrate 


NEW DOVETAILED THERAPY COMBINES IN ONE TABLET 


prolonged relief from sustained coronary 
anxiety and tension with vasodilation with 
® 
MILTOWN PETN 
The original meprobamate, pentaerythritol tetranitrate 
discovered and introduced a leading, 


by Wallace Laboratories long-acting nitrate 


“In diagnosis and treatment [of cardiovascular diseases] ...the physician 
must deal with both the emotional and physical components of the problem 
simultaneously.”? 

The addition of Miltown to PETN, as in Miltrate,“...appears to be more effective 
than [PETN] alone in the control of coronary insufficiency and angina pectoris.””* 


Miltrate is recommended for prevention of angina attacks, not for relief of acute attacks. 
Supplied: Bottles of 50 tablets. 

Each tablet contains: 200 mg. Miltown + 10 mg. pentaerythritol tetranitrate. 

Usual dosage: 1 or 2 tablets q.i.d. before meals and at bedtime. 

Dosage should be individualized. For clinical supply and literature, write Dept. 23F 
1. Friedlander, H. S.: The role of atarazics in cardiology. Am. J. Card. 1:395, March 1958. 

2. Shapiro, S.: Observations on the use of meprobamate in cardiovascular disorders. Angiology 8 :504, Dec. 1957. 


WALLACE LABORATORIES, New Brunswick, N.J. 
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Oatmeal 


Merits 
Preterence 


The large number of breakfast cereals avail- 
able may well give the erroneous impression that 
they are all more or less alike, and that the 
choice of one over the other is merely for the 
sake of variety. 


Nothing could be further from the truth. 


Oatmeal merits its position as a breakfast 
cereal widely recommended by physicians be- 
cause it presents notable advantages. 


First, oatmeal is known to provide more good 
quality protein than any other whole-grain 
cereal. 


Next, oatmeal requires no fortification; it 
ranks highest among whole-grain cereals in thia- 
mine and is significant in its content of other B 
vitamins and important minerals. 


Just as important to the physician who pre- 
scribes a cereal food is oatmeal’s inviting warmth, 
its delicious nut-like flavor, its ease of digestion, 


ker Oats and M ‘ 
and the ready availability of its contained nutri- 


meal offered by The Quaker ents. Whether it be for an infant’s first solid 


Oats Company, are identical. 
tn feeding...for the geriatric patient...for patients 


the Quick (cooks in one min- with gastrointestinal problems...and in many 


ute) and the Old-Fashioned other situations, oatmeal makes a real contribu- 
varieties which are of equal 
nutrient value. tion to the day’s nutritional needs. 


The Quaker Oats O@mpany 


CHICAGO 
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in angina pectoris... velnret' 
against effort-emotion precipitants 


({McNEIL 


MeWeil Laboratories, Inc. 
Philadelphia 32, Pa. 


PENTRALINE shields your patient against both the effort 
and the emotion that can precipitate an angina attack. 


The PETN shields him against the effects of effort. Safe, 
long acting and well tolerated, this coronary vasodilator 
improves the blood flow through the coronary arteries. 


The harmful effects of emotion are combatted by the other 
two components of PENTRALINE. Reliable sedative action 
comes from BUTISOL SODIUM®; and a mild, safe, tranqui- 
lizing effect is provided by small doses of reserpine. 


101 mg.; Soprum® butabarbital sodium—10 mg.; Reserpine 
—0.05 mg. 

_-c: The usual dose is one tablet four times a day administered 

before meals and at bedtime. 

PENTRALINE is not intended for treatment of acute attacks 

of angina pectoris, but rather for routine daily use as a preventive 
measure. 


*Trade-mark 198A58 
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In hypotensive crises. . . 


In acute hypotensive states, * WYAMINE exerts 
a positive inotropic effect by increasing the 
force of contraction of the myocardium. 
Simultaneously, it increases the rate of con- 
duction and shortens the refractory period of 
the heart. 


Prevention and treatment of hypotension re- 
sulting from anesthesia or surgical procedures 


Treatment of shock in myocardial infarction 


*Except shock secondary to hemorrhage 


INJECTION 


SULFATE 
Mephentermine Sulfate, Wyeth 


DIRECT CARDIAC ACTION 


Wipeth 


® 
Philadelphia 1, Pa. 
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“This substance [Vitamin K,] 
has added greatly to the 
safety of anticoagulant therapy’””’ 


reverse anticoagulant-induced hypoprothrombinemia 


MEPHYTON. 


VITAMIN Kj 


the only available preparation chemically identical with naturally-occurring vitamin K,... 
“has a more prompt, more potent and more prolonged effect than the vitamin K analogues’’” 


Dosage: Orally, to modify anticoagulant effects: 5 to 10 mg. initially; 15 to 25 
mg. for more vigorous action. Intravenously, for anticoagulant-induced bleeding 
emergencies, 10 to 50 mg.; may be repeated as indicated. by prothrombin time 
response. (Some clinicians advise their patients to keep a supply of tablets on 
hand at all times; if gross bleeding occurs, the patients are: instructed to take 
10 mg. and phone the doctor.1) 


Supplied: Tablets, 5 mg., bottles of 100. Emulsion, each 1-€¢, ampul con- 
tains 50 mg., boxes of 6 ampuls. 


Other indications: To normalize prothrombin time—before surgery, in 
obstructive jaundice, hepatic disease, impaired gastrointestinal absorption, 
deficiency of vitamin K in the newborn, and following the administration 
of antibiotics, sulfonamides, and salicylates. ‘Mephyton’ is a valuable 
addition to the physician’s bag for emergency use. 


Wis) MERCK SHARP & DOHME 
DIVISION OF MERCK & Co., Inc... PHILADELPHIA 1, PA. 
Mephyton is a trade-mark of MERCK & CO.., Inc. 


1. Wright, I. S.: Early use of anticoagulants in treatment of myocardial infarction, J.A.M.A. 163: 918-921, March 16, 1957. 
2. Council on Pharmacy and Chemistry: New and Nonofficial Remedies, Philadelphia, J. B. Lippincott Co., 1956, p. 505. 
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when 
cardiovascular therapy 


is called for... 


select a Wyeth drug 
for predictable response 
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ANSOLYSEN®tartRATE 


(Pentolinium Tartrate, Wyeth) 

Indicated in the treatment of essential hypertension. 
ANSOLYSEN lowers blood pressure and relieves symptoms. 
The action is potent, reliable, and prolonged. EQuani, a 
useful adjunct to ANSOLYSEN, has been found effective in 
relieving anxiety attendant to hypertension. It enhances 
symptomatic relief, reduces the required dosage of 
ANSOLYSEN and thereby may decrease certain by-effects of 
ganglionic blockade. 


EQUANIL® 


(Meprobamate, Wyeth) 

Indicated as adjunctive therapy to relieve psychic stress often 
associated with cardiovascular disorders. EQuANiL relieves tension, 
mental and muscular, and produces the desired calmness. 


PURODIGIN® 


(Crystalline Digitoxin, Wyeth) 

Indicated in congestive heart failure. PURODIGIN achieves 
and maintains digitalization with a smaller oral dose than is 
possible with any other cardioactive glycoside. It offers high 
potency, complete absorption, steady maintenance, 
uniform action. 


THIOMERIN® sopium 


(Mercaptomerin Sodium, Wyeth) 
Indicated for diuretic therapy. THIOMERIN produces significantly 
effective, smooth, and persistent fluid loss. It is well tolerated 
when given subcutaneously. 


WYAMINE® sucrate 


INJECTION (Mephentermine Sulfate, Wyeth) 
Indicated in acute hypotensive states not associated with 
hemorrhage. Injection Wyamin_ is an effective and 
predictable pressor agent. It produces a positive inotropic 
effect, resulting in increased force of myocardial contraction. 
It may be used intravenously or intramuscularly for 
prophylaxis or therapy of hypotension. 


available for group showing. Arrange in advance for free book- 


A distinguished and vital film, “Disorders of the Heart Beat,” is Wi lft 
R 


ing. Write Wyeth Film Library, P.O. Box 8299, Philadelphia 1, Pa. 
Philadelphia 1, Pa. 
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AMERICAN JOURNAL 
OF OBSTETRICS AND 
GYNECOLOGY 


AMERICAN HEART 
JOURNAL 


THE JOURNAL OF 
LABORATORY AND 
CLINICAL MEDICINE 


THE JOURNAL OF 
ALLERGY 


THE JOURNAL OF 
PEDIATRICS 


JOURNAL OF 
CHRONIC DISEASES 


THE JOURNAL OF 
THORACIC SURGERY 


SURGERY 


Published by 


COMPREHENSIVE 


= 
= 


Official publication for thirty-one societies in obstetrics and 
gynecology. Indispensable to the physician who must have 
complete and authoritative coverage of these fields. 
Monthly, Domestic, $15.00; Canada & Pan-America, 
$16.00; Elsewhere, $17.50. 


An international publication for the study of all diseases of 
the entire circulatory system. Represents outstanding cardi- 
ology clinics everywhere. Since heart disease remains the 
leading cause of mortality and morbidity it merits your 
special study. Monthly, Domestic, $13.00; Canada & 
Pan-America, $13.50; Elsewhere, $14.50. 


Official publication for the Central Society for Clinical 
Research. Papers are devoted to basic problems in medicine. 
Their findings are broadly informative, having wide appli- 
cation in diagnosis and treatment. Monthly, Domestic, 
$13,00; Canada & Pan-America, $13.50; Elsewhere, 
$14.50. 


Official publication for the American Academy of Allergy. 
Every general practitioner, pediatrician, internist and der- 
matologist treats allergy as a n.atter of course. Yet the 
subject is so complex that special coverage of it is necessary 
if satisfactory results are to be uniformly obtained. 
Bi-monthly, Domestic, $10.00; Canada & Pan- 
America, $10.50; Elsewhere, $11.00. 


An independent pediatric journal, with the largest reader- 
ship throughout the world. Regular departments are: 
Medical Progress, Clinical Pathological Conference, Psy- 
chologic Aspects of Pediatrics, Comments on Current 
Literature, Editor’s Column, News & Notes, and Book 
Reviews. Monthly, Domestic, $12.00; Canada & Pan- 
America, $13.00; Elsewhere, $14.00. 


Devoted to the humane, adequate, and economically-sound 
management of all long-term illnesses of all age groups. Its 
scope embraces the medical, psychological and sociological 
aspects of all chronic disease. Edited for general practitioners, 
internists, public health physicians and institutional per- 
sonnel. Monthly, Domestic, $12.50; Canada & Pan- 
America, $13.00; Elsewhere, $14.00. 


Official publication for The American Association for Thoracic 
Surgery. Traffic accidents, common household mishaps or 
the discovery of neoplastic disease may unexpectedly require 
the general surgeon to enter the pleural cavity. Recent 
developments in technique, equipment and accessory supplies 
have made surgical relief possible for a large number of 
morbid conditions. This rapidly-developing field is covered 
authoritatively. Monthly, Everywhere, $20.00. 


Representative of every surgical school and clinic in the 
United States and Canada. Presents the papers of the 
Society of University Surgeons and of The Society for 
Vascular Surgery. Features include: Recent Advances in 
Surgery, Appraisal of Progress in Surgical Therapy, Re- 
appraisal, Editorials and Book Reviews. Monthly, Domes- 
tic, $15.00; Canada & Pan-America, $15.50; Else- 
where, $16.50. 
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rrest the 
anxiety factor in 


heart disease 


without affecting autonomic function 


cardiac breakdown 
might be forestalled or ar- 
rested” by effective treat- 
ment of nervous tension and 
anxiety.* @ Adjunctive ther- 
apy with meprobamate 
“definitely reduced nervous 
tension and anxiety” in all 
heart patients (80 cases), 
and enhanced recovery from 
acute cardiac episodes in 


many cases.* 

* Waldman, S. and Pelner, L.: Management 
of anxiety associated with heart disease. Am. 
Pract. & Digest Treat. 8:1075, July 1957. 


Because of its unexcelled safety, Miltown 
is well suited for tranquilization of 
chronic heart patients. It is well tolerated, 
relatively nontoxic, and produces 

no blood dyscrasias, liver impairment, 
parkinsonism, or nasal stuffiness. 

It does not mask toxicity of other drugs. 


Miltown 


Miltown is the original meprobamate, discovered and introduced by A/a WALLACE LABORATORIES 
A 
New Brunswick, N. J. 


& 
| 
Bk... 
i 
| 
| 
} 
| 
irna 


Dialogue from a small patient... 


BICILLIN 


ORAL SUSPENSION Philadelphial,Pa 
Benzathine Penicillin G (Dibenzylethylenediamine Dipenicillin G) 
SUPPLIED: 

Cherry flavor—300,000 units per 5-cc. teaspoon- 


ful, bottles of 2 fl. oz. 
Custard flavor—150,000 units per 5-cc. teaspoon- 


ful, bottles of 2 fl. oz. 


Fable and 


PENICILLIN WITH A,SURETY FACTOR 


ts 
= 
a 
a” “4 
= 
® 
for Advertising of the “SS 
Physicians’ Counci 
for ation on 
Child Health 
us 
0- 
; 
; ura! | 
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Unbonded strain gage 


MI AX IN COM ET ERs 


use with recording and amplifying equipment ordinarily employed in physiological investigations 


LECTRONICS FOR MEDICAL RESEARCH 


easurement of biologic pressures requires carefully 
ted instruments of stability and overall simplicity. 
m’s highly accurate manometers (to +1% of full 
have demonstrated the dynamic characteristics 
ary for success in cardiac catheterization, circula- 
udies, and in determination of intraocular pressure. 


Two examples of Statham manometers are: 
P23D Pressure Transducer Model P23AA Pressure 


0-75 cm. Hg... . for the Transducer 0-75 cm. Hg. 
ee ement of biologic pressures . .. for the measurement o MODEL P23D Pressure Transducer 
; ural Frequency: 185 cycles vascular pressures 

per second, approximately Natural Frequency: 39 cycles 
Vol Disol t. per second, approximately 
: Volume Displacement : 


; 0.04 mm. 3/100 mm. Hg. 0.83 mm. 3/100 mm. H Complete data pertaining 
. . . Hg. 
BB _—ssOOpen Circuit Output: Open Circuit Output : to the Model P23D 
p microvolts/cm. Hg. at 10V. 550 microvolts/em. Hg. at 12V will be furnished INSTRUMENTS. 
Weight: 6 oz. Weight: 16 oz. upon request by ' INC 


12401 West Olympic Boulevard + Los Angeles 64, California 


bertvining to the Model P23AA will be (*Shipped from Puerto Rico) 
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whenever 
digitalis 
is needed 


‘LANOXIN™. 


form l 4 
as Digoxi B 
. . ( 


alis agent were 
nded for us 

the many @ 
ntingencies, 
n would be 


“If one digit 
to be recomme 
adaptability to 
d clinical co 
ieve Digoxt 
of choice.” 


ncepts 
par. 2. 


parte 
we bel 
the drug 


Levine, Ss. A.: Current Co 
& Company, 1954, P 


in Digitalis Therapy: 


Lown, B., and 
Boston, Little, Brown 


0.25 meg. Scor h : \ r 
| N IN ON ‘| AN 

d I EI I 
0.05 mg in | 

] ee. 


0.5 
mg. sc 
cored greel 
£ 


~ 


BURROUG 
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LLCOME & CO. (U.S.A.) INC 
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Cardiovascular 
Disorders 


As an adjunct to appropriate specific 
treatment, EQuanit gives rapid, es- 
sential control of the psychic tensions 
that intensify and complicate cardiac 
and cardiovascular symptoms. ‘On 
control ofthe emotional complications 
[with Equanit in 41 varied patients], 
treatment in every case was less in- 
tensive and prolonged than ordinarily 
would have been expected.’” 


1. Friedlander, H.S.: Am. J. Cardiol. 1:395 
(March) 1958. 


Wyeth Meprobamate 


® 
Philadelphia 1, Pa 


Relieves tension—mental and muscular 
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IT IS SO REWARDING 
AND 


SO EASY 


TO SWITCH TO 


“WIDE SAFETY MARGIN” 


(White’s Brand of § Amorphous Gitalin) 


REWARDING BECAUSE — Gitaligin provides safe, smooth, controlled cardiac therapy. 


AVERAGE THERAPEUTIC DOSE IS ONLY 1/3 THE TOXIC DOSE.* The average therapeutic 
dose of other digitalis preparations is approximately 2/3 the toxic dose. 


ELIMINATION IS FASTER than that of digitoxin or digitalis leaf. Therefore, toxicity, should 
it inadvertently occur, would be of much shorter duration than with either one of these 


preparations. 


EASY BECAUSE—You can easily maintain uninterrupted control of your cardiac patients 
when you transfer them to Gitaligin by following the simple dosage equivalents listed below. 


APPROXIMATE DOSAGE EQUIVALENTS 


DIGITALIS AVERAGE DAILY GITALIGIN DOSAGE 
PREPARATION MAINTENANCE DOSE EQUIVALENT 


DIGITALIS LEAF 0.1 GM. 0.5 MG. 
DIGITOXIN 0.1 MG. 0.5 MG. 
DIGOXIN 0.5 MG. 0.5 MG. 


SUPPLIED—Gitaligin TABLETS 0.5 mg., botties of 30 and 100. 
Gitaligin INJECTION 2.5 mg. per 5 cc. sterile |.V. solution, boxes of 3 and 12 ampuls. 
Gitaligin DROPS with special calibrated dropper, botties of 30 cc. 


*BIBLIOGRAPHY AVAILABLE ON REQUEST. 


WHITE LABORATORIES, INC., KENILWORTH, NEW JERSEY 


American Heart Journal 


UNEXCELLED ADVANTAGES...IN 
BOTH BASIC DIURETIC REGIMENS 


| 


bicarbonate-regulating diuretic Acetazolamide Lederle 


ould 

1ese 

ents 

low. Advantages of DIAMOX in single-drug diuresis * CARDIAC EDEMA 

D1aMox— operating through the well-understood mechanism ppEMENSTRUAL 

of bicarbonate transport regulation— provides ample, prolonged TENSION 

a | diuresis in the great majority of patients. 

D1aAMox is virtually nontoxic ...has not caused renal or DEMA 0 

gastric irritation...has no pronounced effect on blood pressure. * EDE F 
It is rapidly excreted, does not accumulate in the body, permits | PREGNANCY 
convenient dosage adjustment, allows unbroken sleep. Small, 
tasteless, easy-to-take tablets...usual dosage, only one a day. * OBESITY 
Advantages of DIAMOX in intensive, two-drug diuresis ¢ ADVANGED 
When intensive diuresis must be maintained, DIaMox, alter- CONGESTIVE 
nated with an agent for regulation of chloride transport, has HEART FAILURE 
proved a regimen of choice. Through dual bicarbonate-chloride EFRA 
regulation, it produces maximal sodium-water excretion with * REFRACTORY 
minimal distortion of serum electrolyte patterns, greater  TOXEMIA OF 
patient comfort, lessened risk of induced drug resistance. PREGNANCY 

UEST. 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York C Lederie } 
*Reg. U.S. Pat. Off. 
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Integrated and COMPLETELY REVISED! 


6th Edition 


PRACTICE of MEDICINE 


Edited By 
JONATHAN CAMPBELL MEAKINS, 
C.B.E., M.D., LL.D. Sc. 


1956, 6th Edition 
1916 Pages - 634” x 934” 
318 Illus. - 4 in Color. 

Price, $16.00. 


ASSOCIATE EDITORS 
ALVAN L. BARACH, College of Physicians and 
Surgeons, Columbia University. 
JAMES W. CULBERTSON, College of Medicine, 
University of Iowa. 
CHARLES S. DAVIDSON, Harvard Medical 
School. 


CHARLES A. DOAN, Ohio State University Col- 
lege of Medicine. 


ERNEST CARROLL FAUST, Tulane University. 


ALLAN J. FLEMING, E. I. duPont de Nemours 
Company. 

R. H. FREYBERG, Cornell University Medical 
College. 

M. M. HOFFMAN, McGill University. 


DOROTHY M. HORSTMANN, Yale University 
School of Medicine. 


J. WILLIS HURST, Emory University School of 
Medicine. 


CHEVALIER L. JACKSON, Temple University 
School of Medicine. 


CHESTER S. KEEFER, Boston University School 
of Medicine. 


R. BRUCE LOGUE, Emory University School of 
Medicine. 


THOMAS E. MACHELLA, University of Pennsyl- 
vania, School of Medicine. 


G. KENNETH MALLORY, Boston University 
School of Medicine. 


SYDNEY G. MARGOLIN, University of Colorado 
School of Medicine. 


ARTHUR J. MERRILL, Emory University School 
of Medicine. 


HAMISH W. McINTOSH, University of British 
Columbia. 


ROBERT T. PARKER, University of Maryland 
School of Medicine. 


BRAM ROSE, McGill University. 
G. MILTON SHY, Georgetown University. 


BRUCE WEBSTER, Cornell University Medical 
School. 


LOUIS WEINSTEIN, Boston University School of 
Medicine. 


BRUCE K. WISEMAN, Ohio State University Col- 
lege of Medicine. 
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Except for the title there is very little similarity between 
this enlarged and expanded edition of “PRACTICE OF 
MEDICINE” and the five previous editions. Where the 
first five editions were almost entirely the work of Doctor 
Meakins, he has served only as Editor-in-Chief of this 
edition. Working under him were 24 Associate Editors— 
and they, in turn, had 87 contributors do most of the actual 


writing. As a result the book is entirely new and dif- 


ferent. 


Designed to assist the practitioner of medicine in solving 
the numerous puzzles and problems which he daily en- 
counters, this book is arranged according to diseases of 
the various systems and organs—a plan that lends itself 
to simplicity. It is eminently a clinical book with symp- 
toms being given particular prominence. The pathological 
basis of symptoms is everywhere stressed, and the bedside 
recognition and interpretation of clinical signs is described 
with a sustained interest and lucidity rarely found in tomes 


of this size. 


The major responsibility of this revision was placed in the 
hands of the 24 Associate Editors—each unto his own 
particular realm; each with a broad understanding of the 
unity of medicine as a whole; each realizing that the wide 
subject of man’s disabilities could not be viewed as made 
of segregated entities, but that there must be coordination 
of the anatomic, physiologic, emotional, and environmental 
whole. 


In each section where applicable, reference to the so-called 
psychosomatic patterns and psychologic aspects has been 
made, and there is, finally, a section on Psychosomatic 
Medicine, designed to knit the general concepts of this 
branch into an integrated whole. 


THE C. V. MOSBY COMPANY, 
3207 Washington Blvd., 
St. Louis 3, Missouri 


Gentlemen: Send me Meakins “PRACTICE OF MEDICINE,” 
priced at $16.00. Attached is my check. Charge my 
account. 
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When anxiety and tension complicate HIGH 


BLOOD 
PRESSURE 


Literature 
and samples 


Miltown in addition to ganglionic blocking therapy re- 
sulted in subjective and objective improvement in 35 of 37 on request 
patients. On the antihypertensive agent alone, only 28 pa- 

tients improved.’ 


1. Nussbaum, H. E., Leff, W.A., Mattia, V. D., Jr. and Hillman, E.: An effective combination in the 
treatment of the hypertensive patient. Am. J. M. Sc. 234: 150, Aug..1957. 


The original meprobamate, discovered and introduced by WALLACE LABORATORIES, New Brunswick, N. J. 
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protection against angina pectoris 


in every walk of life 


® 
Peritrate 20 mg. ot pentaerythritol tetranitrate) 


the accepted basic therapy in the treatment of coronary disease 


reduces the frequency and severity of attacks 
increases exercise tolerance 

lowers nitroglycerin dependence 

improves abnormal EKG findings 


to relieve the acute attack 


sublingual 


Peritrate with Nitroglycerin 


replaces ordinary nitroglycerin in the patient taking Peritrate 
(not meant to replace Peritrate) 


* provides immediate relief of pain 


* automatically supplies an increased level of Peritrate for 
additional protection during the stress period 
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to 
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ROLICTON 


BRAN OD 


FOR CONSTANT “DRY WEIGHT” 


Schematic simplification of a 
glomerulus showing a continuous 
mass of endenchymal cells. The 
vas afferens (right) forms a large 
chamber from which arise — 
channels in which blood streams 
through the endenchymal mass. The 
channels branch and become 
narrower distally and frequently 
anastomose. Several branches 
converge so that a limited number 
of terminal trunks enter the 

vas efferens (left). The endothelial 
cells of the vasa afferens and 
efferens often project, droplike, 
into the lumen. 


MAINTAINS AN EDEMA-FREE STATE WITHOUT FASTNESS OR TOXICITY 


The experience of 358 practicing physicians with 
more than 2,000 edematous patients indicates 
that Rolicton produces favorable results in a 
majority of patients. Excellent control of edema 
may be observed even in patients not respond- 
ing to or intolerant to other diuretics. 

A recent report by Settel* is typical. Thirty-six 
patients had taken various mercurial or non- 
mercurial oral diuretics for two years prior to 
Rolicton therapy. Because of intolerance to the 
oreparations or owing to their ineffectiveness, 
“most... had ceased to take these drugs or had 
been taking them only sporadically.” The results 
of Rolicton therapy were “highly satisfactory” 


Jecember, 1958 


and tolerance “was excellent.” Most welcome to 
the patients was the reduction in the necessity 
for parenteral mercurials. 

Rolicton promptly causes removal of edema 
fluid and on a small dosage patients are main- 
tained in a “dry” state for long periods of time. 
This oral, non-mercurial, non-sulfonamide diu- 
retic “appears to be the drug of choice* in the 
treatment of long-standing edema.” 

One tablet of Rolicton b.i.d. (after the first 
day’s dosage of four tablets) is sufficient to 
maintain most patients free of edema. 

G. D. Searle & Co., Chicago 80, IIlinois.. Re- 
search in the Service of Medicine. 


*Settel, E.: Rolicton® (Aminoisometradine),a New, Non- 
mercurial Diuretic, Postgrad. Med. 21:186 (Feb.) 1957. 
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Opens Up a World of 
Possibilities in EKG 


Yew Gases 


ELECTROCARDIOGRAPHY 


by 


DEMETRIO SODI-PALLARES, M.D., Chief of the Department 
of Electrocardiography at the National Institute of Cardiology of 
Mexico; Professor of Cardiovascular Clinics at the National Uni- 
versity of Mexico, Mexico City. 


With the Collaboration of ROYAL M. CALDER, M.D., Editor, 
English Translation, Clinical Professor of Medicine, Graduate 
School, Baylor University. 


727 Pages, 520 Illustrations. PRICE, $18.50. 


Books that teach and discuss the scientific bases on which electrocardiography rests, 
or all the experimental work that has been done to elaborate it, are very few. Such a 
book is what Dr. Sodi-Pallares gives the medical profession in this new treatise. 


In this work the author has taken on his shoulders the work of bringing together 
and explaining the scientific bases of electrocardiography in terms within the reach of 
the medical reader—and demonstrates the results of their application. The reader dis- 
covers a world of possibilities in front of him. The membrane theory of Bernstein, the 
dipole theory of Craib; the prolific and much discussed theory of the Einthoven triangle; 
the application of the solid angle; the concepts on the ventricular gradient; all of these 
applied to the interpretation of an electrocardiogram illuminate the tracing and reveal 
paths of interpretation heretofore unknown. Such is the material presented in this 
book. It is a book concerned with the “how's” and “wherefore’s” in electrocardio- 
graphy. It is not intended for the presentation of established formulas, but the present 
methods for the better understanding of the tracings and to interpret them in the light 


of what is now known concerning the electrophysiology of the heart. 


THE C. V. MOSBY COMPANY 
3207 Washington Blvd. 


St. Louis 3, Missouri 


Gentlemen: Send me a copy of Sodi-Pallares’ “NEW BASES OF ELECTROCARDIOGRAPHY,” priced at $18.50. 


Attached is my check. ..... Charge my account. 


HT-12-58 
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News 


WHEN YOU MOVE, PLEASE: 


(1) Notify us to change your 
: address—allow us six weeks 
. to make the change. 


(2) Mention the name of this 
Journal. (We publish 


| 
C 0 ntro | fq | twelve periodicals. ) 
| (3) Give us your old address. 


If possible, return the ad- 
a dressed portion of the en- 
velope in which we sent 

all your last copy. 
(4) Give us your new address— 


complete — including the 


Postal zone number. 


=< (5) Please print your name and 
: — address. 


Thank You! 


CIRCULATION DEPARTMENT. The C. V. 
Mosby Company, Publishers 


3207 Washington Blvd., St. Louis 3, Mo. 


New 6-page Review 
Sums Up the latest 
findings on one of -medicine’s most 
useful but underestimated drugs 


Ten minutes is all it will take you to 
bring yourself completely up-to-date on 
codeine. Concisely written from the clin- 
ical viewpoint, Codeine Today quotes 
the statements of today’s authorities on 
when to use, how to use and where to 
use this versatile drug. Information is 
of interest to practically every practi- 
tioner. Bibliography contains 60 refer- 
ences, more than 90% of which were 
FEWER ANGINAL ATTACKS. 
SEND FOR YOUR 
FREE COPY TODAY | PROTECTS AGAINST PAIN 


AND CONTROLS ANXIETY. 
(EQUANIL*® AND PETN) 


Meprobamate, Wyeth 


EQUANITRATE* 


Meprobamate and Pentaerythritol Tetranitrate 


Tablets, vials of 50, meprobamate me 
‘ Wyeth 
and pentaerythritol tetranitrate (10 mg 


ol 


| MERCK & CO., 

| Medicinal Products Department 

| RAHWAY, NEW JERSEY 

| Please send me______copies of 
Codeine Today. 

PHYSICIAN’S NAME AND ADDRESS 


*Trademark 
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A Comprehensive, Readable 
Synthesis on Hematology 


Miale 


LABORATORY MEDICINE 
—HEMATOLOGY 


While other references in clinical pathology present in one volume a survey 
of all three broad fields—hematology, chemistry and microbiology, the new 
Miale book, LABORATORY MEDICINE—HEMATOLOGY is the first truly 
comprehensive evaluation of the ENTIRE FIELD of hematologic diagnosis 
beginning with the basic concepts of hemopoiesis and cell survival and 


progressing to a detailed presentation of the entire field. 


The first in a series of three separate volumes on laboratory medicine, this 
is a detailed investigation of virtually every important aspect of hematology. 


You'll find within the covers of this volume a complete atlas of the 
morphology of blood cells complete with highly-instructive photomicro- 
graphs (not idealized drawings) visually describing what one actually sees 
in the microscope accurately authenticated at the standard magnification 
and with the usual stain. You'll consult the chapter on the myeloproliferative 
syndromes often since it is one of the few really complete syntheses of this 
puzzling group of diseases. You'll appreciate the book’s thoroughness and 
timeliness—covering as it does all current literature up to publication. The 
chapter on blood coagulation is the most complete and up-to-date discus- 
sion available outside of special works and Dr. Miale’s original studies on 
vascular psuedohemophilia make this one of the most comprehensive and 
highly-essential treatises on hematology available today. 


By JOHN B. MIALE, M.D., Professor of Pathology, University of Miami School 
of Medicine, and Director of Clinical Pathology, Jackson Memorial Hospital, Miami, 
Florida. 1958, 735 pages, 634” x 934”, 192 illustrations and 9 plates including 5 in 
color. Price, $13.75. 


The C. V. MOSBY Company 


3207 Washington Boulevard * St. Louis 3, Missouri 
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Preserve Your Journals 


With This 
Jesse Youes 
Volume File 


Specially designed and produced for Tue 
AMERICAN Heart JourRnNat, this file will keep 
one volume, or six issues, clean, orderly and readily 
accessible. Picture this distinctive, sturdy Vol- 
ume File on your book shelf. Its rich green Kivar 
cover looks and feels like leather, and the 16-carat 
gold leaf hot-embossed lettering makes it a fit 
companion for your finest bindings. 


The Volume File is reasonably priced, in spite 
of its costly appearance. It is sent postpaid, care- 
fully packed, for $2.50 each. Most subscribers 
will find it more convenient and economical to 
order 3 for $7.00 or 6 for $13.00. When ordering 
specify file for THe American Heart JOURNAL, 
Send check with order. Sutisfuction guaranteed. 
Can be sent to U. S. and Possessions only. For 
prompt shipment, order direct from 


Jesse TJoues & Hauck Gor Corfe. (Since 1843) 


FOURTH AND THOMPSON STREETS, PHILADELPHIA 22, PENN. 
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FEWER ANGINAL ATTACKS. 
PROTECTS AGAINST PAIN 
AND CONTROLS ANXIETY. 
(EQUANIL® AND PETN) 


Meprobamate, Wyeth 


EQUANITRATE® 


Me probamate and Per 


Tablets, vials of 50, meprobamate 
and pentaerythritol tetranitrate (1 
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CHRISTMAS| 
SEALS | 
AT WORK! 


A most important medical discovery during the 
past year was a blood test for the detection of tuberculosis. 


Developed at Northwestern University under a research grant 
from the National Tuberculosis Association, it is now undergoing 
widespread trials. This was made possible by your purchase 

of Christmas Seals. 


Since 1907, the work financed by Christmas Seals has helped 
cut the TB death rate 95% — but within the next 20 years 
almost 2,000,000 Americans will be afflicted with tuberculosis. 
So, send in your contribution today, please. 


Buy and use Christmas Seals 
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This patient's blood-pressure controlled 
for the first time without side effects 


Remember this particular patient. He typifies the thousands of patients 
involved in a clinical investigation which promises to bring about a major 
change in rauwolfia therapy. The patient is being treated in a Massachu- 
setts hospital. His blood pressure without treatment ranged up to 
220/138; now for the first time, it is being maintained near normal with- 
out side effects. This dramatic case history is part of the story of a remark- 


able new antihypertensive agent singoserp Gyrosingopine CIBA) 


coming as soon as sufficient supplies are available... 
from CIBA, world leader in hypertension research. 
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THREE FACES OF CRIPPLIN 


Birth Defects Arthritis . Polio 


LOOKING TO YOU FOR HELP... 


All three share one dream—to grow up able to move about and lead healthy norma 
lives. The March of Dimes can help them realize that dream if you give generously 


TOWARD 
GREATER AR OF DIME 


JEFF DOREEN PAMELA 
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WHEN YOU MOVE, PLEASE— 


(1) Notify us to change your ad- 
dress—allow us six weeks to 
make the change. 


Mention the name of this Jour- 
nal. (We publish twelve pe- 
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portion of the envelope in which 
we sent your last cupy. 
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Company, Publishers, 3207 Washington 
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FEWER ANGINAL ATTACKS. 
PROTECTS AGAINST PAIN 
AND CONTROLS ANXIETY. 
(EQUANIL® AND PETN 


Meprobamate, Wyeth 


EQUANITRATE* 


tol Tetranitrate 


Me prot amate and Pentaerythritc 
Wijeth 


Tablets. vials of 50, meprobamate 
and pentaerythritol tetranitrate (10 mg 


*Trademark 
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RECOVERY RATE: OVER 90% , 
...in over 700 published cases 
of thromboembolic disease /. 
| 


BRAND OF PHENINDION 


2-Phenyi.t, 3 indande 
50 mg. 
CAUTION: Federal Low pre” 


Ming without pres''? 
enclosed 


WALKER LaBoRATORIES. 


MOUNT 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic use; 20 mg. scored 
tablets for prophylactic use. Bottles of 100 and 1,000. 1. Breneman, G. M., and Priest, E. McC.: Am. Heart J, 50:129 (July) 1955. 
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FOR PRACTICAL MANAGEMENT OF 


HYPERTENSIO 


A SINGLE PROTOVERATRINE ALKALOID 
potent...safe...and 

an important addition to 
“combination therapy” 


The isolation of pure, crystalline protoveratrine A* makes available, 
for the first time, a single chemically standardized veratrum alkaloid. 
Now, blood pressure can be lowered with doses smaller than ever before 
possible in oral veratrum therapy. 
In Protalba-Rt Tablets, protoveratrine A (0.2 mg.) is combined with 
reserpine (0.08 mg.)—providing two effective hypotensive agents with 
constant, unvarying potency. In contrast to complex alkaloid mixtures 
which have uncertain activity, the effects of Protalba-R are predictable 
and reproducible. ‘ 
Used alone, Protalba-R can produce a significant decrease in both 
systolic and diastolic pressure. And, it is the logical supplement to 
therapy when hypertension cannot be controlled by diet modification 
and psychogenic measures or the use of tranquilizers and diuretics. 
Supplied in 
protalba-R 
cross-scored tablets, 


tTrademark 


*Patent Pending 
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CONTROL 
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DOSE 


Lity 


QUALITY / RESEARCH / INTEGRITY 


CRYSTODIGIN* permits accurate dosage titration 


Since initial digitalization and ‘Crystodigin,’ the maximum ther- 
maintenance dosage must be care- apeutic effect can be safely deter- 
fully individualized, ‘Crystodigin’ mined by dosage titration in 
fulfills the important require- increments as small as 0.025 mg. 
ments of a preferred digitalis. Available in scored tablets of 
‘Crystodigin’ is a crystalline-pure, 0.05 mg. (orange), 0.1 mg. (pink), 
uniformly potent single glycoside 0.15 mg. (yellow), and 0.2 mg. 
that is completely absorbed in the (white); and in l-cc. and 10-cc. 
gastro-intestinal tract. With ampoules, 0.2 mg. per cc. 


*'Crystodigin’ (Crystalline Digitoxin, Lilly) 


EL! LILLY AND COMPANY ¢ INDIANAPOLIS 6, INDIANA, U.S.A. 
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